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ADVERTISEMENT.

A new Edition of Mr. Robins's celebrated

Treatise of Gunnery being much desired by

the public, the proprietor has been induc-

ed to have it revised and improved through-

out by an eminent mathematician, who

has carefully revised the whole, and illus-

trated it with many useful notes, relative to

such improvements in the art of Gunnery,

as have taken place since the last edition

of this work. The notes added by the

present Editor are subscribed with his in-

itial, H. to distinguish them from those of

the original author.
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DOCTOR WILSON'S

P R E FA C E.

IN publijhing tbefe trafts of my friend Mr. Ben-
jamin Robins, IJhould premife fome account of their

author ; together withfuch reflections, chiefly relating

to mathematicalfubjeffs, as may occafionalty arife.

This excellent perfon was horn at Bath in 1 707. As
his parents were not wealthy, and alfo quakers, it was
much feared, left the furprifing progrefs be had by

himfelf early made in various branches of literature,

would be interrupted through want of due encourage-

tnent ; efpecially amongft a people, who profefs not the

fame efteem> as the reft of the world, for the learning

they ftyle human ; fuppofing it not requifite either to the

underftanding or explaining divinefubjeffs*

However, fome particular friends of Mr. Robins
being very defirous that he might continue his purfuits,

and his merit not be loft in obfcurity : wijhed for this

purpofe, that he could be properly recommended to teach

in this town the Mathematics, which had been one of
the principal objeffs of his ftudies. With this view

therefore they communicated to a gentleman here a paper

written by him, in order to leam whatjudgment per-

Jons ofknowledge might make of his abilities. This was
Jhewnto Dr. Pembaton, who, thence conceiving a
good opinion of the writer, for a farther trial of bis

proficiency fent himfome problems, ofwhich the Doftor

a 3 required

* Barclays Apology, Prop. x. § 18.
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vi Dr. WILSONS
,

required elegantfolutions, not thofefounded on algebra-

ical calculations; adding an example offuch a folution,

that theyoung geometer might the more readily compre-

hend bis meaning. An anfwer was returned by Mr.
Robins, that gave a very advantageous, idea of his

tafte% as well as invention.

Upon this he came to London j where his prefence

ftill increafed thefavourable fentiments that had been
,

entertained of his talents. For befides his acquaintance

with divers parts of learnings there was in him, to an

ingenuous afpeff, joined an a5livity of temper, together

with a great facility in cxprejfwg his thoughts with

clearnefs, brevity> ftrengtb, and elegance; endowments,

which do' not always accompanyJludious perfons. But
though Mr. Robins was pojfeffed of much more skill

thanks ufually required in a common teacher ; yet being

\very young, it was thought proper, that he Jbould em-
ployfome time in perufmg the beft writers on thefublim-

t
• er parts' of the mathematics, before he undertook pub-

licly the inftruclion of others. In this interval, befides

improving himfelf in the modern languagesv he had op-

portunities of reading in particular the works of
Apollonius, Archimedes, Fermat, Huygens, De
Wit, Slusius, James Gregory, Dr. Barrow, Sir

Isaac Newton, Dr. Taylor, and Mr. Cotes. Thefe

authors he readily underflood without any qffiftance; of

wbicb he gavefrequent proofs to his friends. Among(I

ethers, one was a demonftration of the laft prcpofttion

6f Sir Isaac Newton's Treatife on Quadratures,

which was thought not undeferving a place in the

Philosophical Transactions.*

Not long after, an occafion offeredfor him to exhibit

to the public afpecimen alfo of his knowledge in natural

fbilofophy. The Royal Academy of Sciences at Paris

bad propofed amongjl their prize queftions, to demon-

ftrate the laws of motion in bodies impinging on one

anotherA The celebrated M. John Bernoulli here

con*

* For 1727. No. 397. + In 1724 and 1726.
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PREFACE, vii

condefcended Jo be a candidate ; and though his Differ

-

tation loft the reward, he appealed to the learned world

iy printing it.* He therein endeavoured to eftablijb

M. Leibnitz's opinion of theforce of bodies in motion,

from the effects of their ftriking againftfpringing mate-

rials ; as Signor Poleni had*before attempted to evince

thefame thingfrom experiments of bodies falling on foft

and yielding fubjlances. But as the infufficiency of
Signor Poleni's arguments bad formerly been demon-

firated}\ fo Mr. Robins publijhed in ajournal, called

The prefent State of the Republic of Letters,^ an

unanfwerable confutation of M* Bernoulli's perform*

ance.

It may indeed feem firange, that a mere tyroJhould

thus overcome fo redoubted a veteran. But though

M. Bernoulli muft be allowed to have had a confider-

able fhare ofinvention in pure mathematics} yet, when
any phyfical caufe intervened, he feldom could avo'%4

falfe reqfonings ; being deficient in that diflinftnefs of
conception, fo neceffary for fecuring againft error in

thefe more complexfubjecls, and which was poffeffed by

Mr. Robins in a fupreme degree.

Now the recommendations of his friends, fupported

byfuch authentic teftimonies of bis abilities, foon pro-

cured him many fcholars ; amongft thefe, feveral were

of real genius, who at prefent make an eminent figure

inpublic affair s.

But it may be here obferved, that about this time be

quitted the peculiar garb and profeffion of a quaker /

for not having the leaft tinclure of obftinacy, fuper^

flition or enthufiafm in bis nature hefoon got over the

prejudices ofeducation, and hadan utter averfion to ac7 a
feigned part. However, he continued to cultivate a

friendfhip with feveral deferving perfons of that per-

fuafton i not being ignorant that at all times, and in

H all

* Discours sur les loix de la communication du Mouvemenk
Par M. Bernoulli a Paris, 1727.

+ Pilosophical Transactions in 1722. No. 371..

% For May 1738.
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viii Dr. WILSONS
all placesy there have been great numbers of learning, *

fagacity, and even honefty too, who through theforce of
early imprefftons, and a certain caft of temper, have

made mofl palpable abfurdities the objecls of theirfaith.

Mr. Robins's way of inftrutling was generally fimi-

lar to the courfe he had followed himfelf ; but as he

only taught perfonsfingly, and not in clajfes, it was in

his power to vary his method according to the capacity

or intention of each learner. However, he always be-,

gan with the Elements of Euclide, not as interpolated

by Campanus a»</Clavius, or anatomifed by Herigone
and Barrow, or depraved by Tacquet and Dechalles

;

but according to the original, handed down to us by an-

tiquity ; much lefs did he ufe any of the new modelled

Elements] that at prefent every where abound.

By what is herefaid, I would not be underftood to

diffuade the confulting Clavius's Euclide at a proper

time ; for as in it there is nothing inconfiflent with the

flritlnefs of demonftration, fo it contains many curious,

particulars relating to geometry. And indeed the con*

trailedform into which Dr. Barrow has reduced the

Elements, may be of ufe for refrejhing the memory,

after the original has been.well confidered ; the fame
judgment may be paffed on his Archimedes, Apollo-

nius, and Theodofius.

For want offuch a beginning in his fludies, many a
mathematician, who has acquired no fmallfame, has

been altogether incapable offraming afynthetic demon-

ftration, a t it ought to be, or even of readily comprehend-

ing onefo conftituted; but would be apt, though it had

alt the perfeclions pofjible> to imagine it tedious and ob-

fcure% through his not being acquainted with the ge-

nuine exprefjion of the true geometry. . Hence the writ-

ing* of great part of the moderns on mathematical

JubjeRs abound with inartificial computations. The
consideration of which led Mr. Robins often to repeat

a faying of that elegant writer Joannes della Faille :

Mathematica multi fciunta mathefin pauci.*

Amongfl

* De Ccntro Grav. Circul. & Ellips. in the preface.
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Amonfjl Mr. Robins'sfcbolars,fuch as went after-

wards to Cambridge, in order to qualify themfelves

for one of the learned profe£ions> were wont, as is

the cuftom ofyoung men, frequently to enter into warm
contefts with the difciples of Mr. Profeffor Saundcrfon,

that gentleman ufing there a very different method of,

inftruclion. And indeed I have met with ingenious

perfonSy who, though they allowed Euelide's Elements

to be the perfecieft book of the kind ; yet did not think

it the moft proper introduction for the generality of

jludents, at leaft when ranged in clafjes, the way of

teaching principally followed in nniverfities ; but the

contrary of this opinion appears to be true from the

conftant and very fuccefsful praclice of the latefamous
Mr. Maclaurin, who, / obferved zv'tth pleafure, al-

ways begun his academical courfes zvith the Elements

<jf~Eu elide.*

And these Elements well deferve to be carefully con-

ftdered, even byfuch as do not intend to devote much

of their time to mathematicalfpeculations ; for they are

more ufeful, in order to acquire a habit offtricl reafon-

ing, than the moft laboured fyftems of logic ; that art.

owing in great meafure its original, and indeed being

heft fitted for makingformal anfivers, to the cbildijb

and ridiculous conceits of thofe quibblingfcphifts, whofe

impertinence Plato has fo juftly expofed : appears fo

far from being the moft natural means of difcovering

andjudging of truth, that the great mafler f of the art

itfelf was a very bad reafoner.

The two chiefgrounds offaffe reafoningare, ambi-

guity in the ufe of words, and principles huftily taken

up ; fcarce any one ever oftending againft the rules of
mode and figure in fyllogifms. But theftirefl defence

againft thefe two grounds of error, is exercifing the

mind infubjefls, where a courfe of reafoning is follozv-

edfree from perplexity in the terms, and difint'aw*ledfrom
. uncertainty in the principles ; by which we may gain a

habit
.

* See his Life before his Account of Sir Isaac Ncvlon's PhU
jQsophical Discoveries. + Aristotle.
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x Dr. WILSON'S

habit of diftinguijhing between perfetl reafoning and
whatever in different degrees takes only the appearance

of it.

Euclide in his Elements has the advantage of afub-
jetly thefmplicity of which keeps it almoft neceffariJy

freefrom any ambiguity of terms, and his demonftrations

are conduced with the moft exprefs defign of reducing

the principles affumed to thefeweft number, and moft

evident that might be; and in a method the moft na-

tural, as it is the moft conducive tovcards a juft and
compleat

y

comprehenfion ofthefubjeel, by beginning with

fuch particulars, as are moft eqfily conceived, and few
moft readily from the principles laid down, thence by

gradually proceeding to fuch as are more obfeure, and
require a longer chain of argument.

And this great regard to perfpicuity, in the method

and form of reqfoning, wasfo peculiarly the cbaraclerm

iftic of the moft ancient geometers, that Mr. Robing
chofe to initiate thofe under his inftrutlion in the Ele-

ments of conicks by Apollonius, in preference to any

modern author.

*Tofuch as had a talent for invention, he recommend-

ed the geometrical analyfis of the ancients on account of

is elegance, which muft be allowed in many cafes by

the moft profeft admirers of algebra. Even M. d'Al-^

cmbert acknowledges,—il y a des cas oil Fufage de X
Analyfe (he means algebra) loin d'abreger les demon-
ftrations, les rendroit au contrairc plus embaraffees.

De ce nombrc font entr'autres pluficurs problemes

ou theoremes, ou il s'agit de comparer des angles

entr'eux.* And Br. Hal icy, though he hadformerly

beftowed the higheft encomiums on algebra,^ yet when
he became acquainted with the geometrical analyfisy

gave this the preference\ faying^ Methodus ha;c cum
algebra fpeciosa facilitate contendit, evidentia, veroet

demonft rationum degantiaeam longe fuperare videtur:

and afterwards he adds, Verum perpeadendum eft^

/ aliud,

* Encyclopedic, torn. L p.. 551.

I Philosophical Transactions, No< 205.

i

i
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PREFACE, xi

aliud efle problcma aliqualiter refolutum dare, quod
modis variis plerumque fieri poteft, aliud mcthodo
elegantifllma id ipfum etficere j analyfi breviflimi

et fimul perfpicui, fynthefi concinna et minime
operosa. Hoc veteres praEfticifle argumento eft

Apollonii liber, quem impraefentiarum tibi fiftimus.*

As to tbe principles of algebra Mr. Robins ufed to

deliver jkorfprecepts of his own, freefrom the intri-

cacies and mifconceptions, by which the generality of

writers had obfcured a matter in it/elf very plain and

eafy to be comprehended. The interpreting the terms of
' affirmative and negative, which in reality exprejfed

only the relation of one quantity to another, as implying

Jome abfolute quality in the quantities to which they are

prefixed\ has occaftoned all that air ofmyftery, by which

learners arefo unneceffarily perplexed. As a flagrant

proof of this, fee the very extraordinary account of af-

firmative and negative quantities in Dr. Saundcrfon s

voluminous Treatife of Algebra, p. 50 and 56.

Mr. Robins explained the doclrine of fluxions, and

what is ufuallyflyled thefublime geometry , after a clear

and genuine manner ; not having tbe leaft recourfe to

the abfurd notion of indtviflibles or infinitefimals, but as

it is delivered truly, though very briefly, by its great

inventor in the introduction to his admirable treatife on

quadratures. What a crude idea tbe fame Dr. Saun-

derfon gave his fcholars of thefe speculations, before

Mr. Robins had publijhed an explanation of them, ap-

pearsfrom bis po/iburnous piece, called The Method
of Fluxions, printed at London in 1756.
/ fhall not proceed to defcribe Mr. Robins's way of

inftrucling in the feveral branches of mixed mathema-

tics ; whereof he was a moft perfetl m after, and on

which he could deliver himfelf with the utmoft clear-

nefs. I (hall only obferve, that as he well grounded
hisfcholars in true geometry : it was eafy for him to

inform them of the pratlical parts in a more fcientific

manner, than they are handled in tbe vulgar treat'tfes.

The
* Praefat. in Apollon, de SeaiomS Rationis. 0*on. 1706.

•
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xii Dr. WILSON'S

The modern authors, Mr. Robins chiefly valued,

were fuch as approached the neareft in their manner of
writing to that of the ancients. Amongft thefe the

great Huygens ftands in the firft place. But thofewbo
had the care of publijbing his pofthumous works, feem
to have been of a different opinion y when they tell us,

they once had thoughts of changing his real demonftra-

tions into algebraical calculations I

Mr. Robins alfo had the higheft eficem for Dr.
Barrow's lectures, and recommended them ufually to

his fcholars ; for in thofe, that treat of the mathematics

in general, they would find amongst other excellent

things concerning the nature and prbutpies of thefci-

ence, a jujl defence of Euclide,
1

and a full explanation

cf his idea of proportionality s and as the fubject is

bandied in a popular manner, fo the author, befides

jhewing much real learnings and exquiftte choice in his

authorities, has not only fupported b;s peculiar fenti-

ments with greatfubtilty of reafon, ' but alfo adorned

his difcourfe by a mofculine and true eloquence.

In his optical lectures they wouldfee the principles of

caioptricks and diopticks fet forth in the compleateft

manner. There the atlual interfections are determined,

which the rays oflight, iff'uingfrom any point of an ob-

ject after reflection or refraction, make with each other,

as alfo the limits of jhofe interfeclions, and how the

rays, the nearer they approach thofe limits, are more

and more conflipated ; whencefuch limits are called the

foci, as the line paffing through them all has been flnce

'

named the cauftic* Next, the author finds the princi-

palfeci in different lens's. Afterwards he treats in

general ofthe apparent magnitudes of objects, and then

particularly affigns the images of planejhrfaces. The

whole is intermixed withfeveral curious propofitions in

t

. geometry,

* This Dr. Ihirroz- determined in circles op]y; his successor

in circles and in other curves by means of the radius of curva-

ture. See /to/vozc*'.v Optics, Left.- xiii. Art. 26. Newton's.
Optic.il Lectures. Part. 1. St ct. iv. Prop. 32, 33; and his Trea-

tise of Series and Fluxions, Prob, y. 70.
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PREFACE. xiii

geometry, and confirmed by moft accurate demonftrationsi

which have been praifed as fuch by Sir Ifaac Newton
bimfelf;* who fuppofed his auditors well acquainted

zvith thefe leclures of his predeceffbr, in order to under-

ftand perfeclly thefublime difcoveries, he was deliver-

ing to them.

Dr. Barrow's geometrical leclures alfo exhibit great

marks ofgenius and invention s He there at the begin-

ning difcourfes briefly, yet clearly, about motion and

time j thenjbewsy from curves being generated by mo-

tion, how are deducedfeveraI of their general proper-

ties. Next he determines the tangents and areas of
curves ; inferting many curious proportions of different

kinds, as concerning the tangents and fetants of the cir-

cle, the conicfuperjicies, isc. and in .his laft leclure he

fhews, bow to determine the limits of equations, better

than ka& been done before, or evenfinee. , ,

\ I am the more particular in relation to the works of
this great man, as I think they are too little at.prefent

regarded; and Ifhallfarther ftrengthenmine and Mr.
Robins's thoughts of them by adding, to Sir Ifaac

Newton's judgment of the optics above quoted, the

teftimony of the famous James Gregory concerning,

bothJhe optical and geometrical leclures ; the Bailor's

mathematical leclures not having been printed in his or

Mr. Gregory's life-time* This excellent mathemati-

cian, though he had written profoundly on the very

famefubjecls ; yet in bis letters to hisfriend Mr. Col-
lins, thus candidly gives his opinion. Mr. Barrow in

his optics fheweth himfelf a moft fubtle geometer,

fo that I think him fuperior to any, that I ever look- .

ed upon. I long exceedingly to fee his geometrical

le&urcs, efpecially becaufe I have fome notions

upon that fame fubjecl: by me. I intreat you to

fend them 'to me prefently, as they come from the

press,
* * *

* T-cum Disseriatfones, qua* hie non ita pridetn audivistis,

tanta rerum opticarum varictute, novaruni copiu, et accuratim-
mis earundem demonstraiionibus fuerint composite

f
-. Avrc-

ton's Left. Optic, at the beginning.
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*iv Dr. WILSON'S

prcfs, for I cftcem the author more than you cart

cafily imagine.* And Mr. Gregory's expectations

were not in the leaft difappointed s for having received
%

tbofe letlures, be writes Mr. ( ollins word, Barrovii

(Geometrical) Ledtiones fumma cum voluptate et at-

tentione perlegi ; atque omnes qui unquam hifce de re-

bus fcripferuntinfinitointervallo fupeiafle comperio.j*

I need hot mention Mr. Robins's opinion ofSir IfaaC

Ne.wton ; fince be has bad occafwn to declare it fo often

in tbefollowing tracts. And indeed &>Ifaac Newton's

fumefeems at prefent to havefurmounted all oppq/ition.

¥be philofopbers of a neighbouring nation acknowledge

bis merit. Though they hadforyears quite overlooked

his book of optics ; yet now theyfpeak of it in tbe

highest terms. \ And they have at length adopted at*

tratJion under the name of univerfal gravitation ,*

zvhich they bad long rejected, as an occult quality, oH

account its caufe is not d'ifcovered. They might as well

have negletled the confideration of the laws of motion >

btcdufe it is not known, why motion arifesfrom the coU

Ufion ofbodies : :or the contemplation of tbe effetls of
light, as it has not beenfound out, whether it is owing

to beams darted immediately from the luminous objec?,

ot to imprefftons made on a furrbunding medium, or td

fome more latent taufe. It is tbe bufinefs of the true

pbilofophy to explore the moftfimple caufes, andfrom
their combinations to accountfor the various phenome-
na in nature. But all the objetlions that could be

raifed againft this true way ofpbilofophifing, Sir Ifaac

Newton had previoufly obviated in his works. Of this

theyfeem at loft to befenfible, from having conftdered

them more attentively : \ and accordingly they are at-

tempting to make improvements on his principles. '

lam
* Dr.ffW* Lives the Professors of Gresham-coOege^ p. 161/
I Commcrcium Epislolicum, p. 95.

| Ouvrage vrahncnt digne de Vadmiration de tous les siecles.

History of the Koyal Academy of Sciences at Paris for 1752,

p. 134.

||
Memoirs of tbe Royal Academy of Arts and Sciences at

Pom 1745, p. 329.
• /

i
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PREFACE. xv

/ am very Jenfible the exaBnefs of my friend in

teaching isflighted by fome profeffors ; they recommend-

ing Pardics,-, Sturmius, and other Jhallow authors, as

fatter calculatedfor the humours of many, who, fince

thefepeculations have beenfo much in reputation, would

gladly acquire, at little expence of time and thought, a

fmattering acquaintance with them.

'Thoughfuck empirical methods have prevailedamongst

thefuperficial and half taught ; I wijh they may not be

countenanced' in our publicfchools. 1 hope that univer-

Jity, which has beenfo renownedfor the mathematics,

and allforts cffound literature, will ever difdain thefe

tow and imperfeel ways of inflrutlion in every kind of
knowledge ; and that the great examples of a Spenfer

and a Milton, of a Bacon and a Harvey, ofa Barrow
and a Newton/ with numberlefs others, will always

tnfpire its ftudents with the laudable ambition offol-
lowing thefe their predecejjbrs in the fame path to glory

,

and immortality. 'Not lefs ardent are my wijhesfor
the prosperity of our other univerfity, whofe learned

Members have fprcad far its fame in all ages ; not

only in the timesfince the revival of realfcience ; but

even when the weflern world lay covered Under grofs

ignorance,
T
there Jhone out at Oxford from amidft that

thick cloud of darknefs, bright geniufes, whofe works

in manufcript, as teftimonies of their Jingular merit,

are ftill preferved in the famous Bodleyan Library.

Andfurely the illiberal and mechanic method of teach-

ing thefe mofi perfect arts, will never gain ground in

afeat of learning, whofe profeffors, as a caution againft

this innovation, have already obliged the lovers of

thefefciences with editions of Euclide and Apollonius,

of Theodofius and Menelaus. As that ufeful under-

taking was begun by the encouragement of the excellent

Dean Aldrich ;* fo it is to be hoped, the prefent wor-
thy governors of this univerfity way procure the pub-

lishing

* This learned person, in his Ariis logicce Compendium, de-
fended Euclide from the objections contained in a rogic called

LArttU Penser.

Digitized



*vi Dr. WILSON's

lifting the reft of the ancient mathematicians. It wdi
the multiplicity of Dr. Hallcy's avocations alone, that

hindered him for letting us have Pappus in the originals

on revifing which ufeful author he bad beftowed pains

equal to bis great knowledge andfagacity.
And here I cannot help declaring the JatisfatHon,

Mr. Robins always exprejfed on obferving the progrefs

. a true tafte for real geometry made in Scotland. The
mathematicalfciences have indeed been well cultivated

by that learned nation. To a Scotchman, the Lord
Napier, we are beholden not only for the admirable in-

vention of logarithms * and their application ta tri-

gonometry ; but alfo for other very valuable improve^

ments he has made in that moft ufeful art, and proba-

bly bis ill flate of health hindered his makingfarther

difcoveries. The incomparable James Gregory was
likewife of that country, whofe rifing meritJeems to

have given umbrage ?ven to the great Huygens ;| and

whofe immature death was an irreparable lofs to the

mathematical world ; for which lofs I have been /«-

formed, Sir Ifaac Newton ujed always to fhew very

Jenfible tokens of grief, whenever Mr. Gregory's name
happened to be mentioned to him.

In the manner above recommended, were my friend's

younger days employed in promoting the knowledge

of

* The Lord Napier was not only the inventor of the system

of Logarithms, published by himself, but nho the author of that

improved plan, which our countryman Mr. Briggs, with im-

mense labour, put in execution, though Dr. Saundcrson, in his

confused account of logarithms published in his Algebra, 392,

has subscribed to the mistake, first propagated by Mr. IVingale

and oommonly prevailing, that Mr. Briggs contrived his form ;

notwithstanding Mr. Briggs. himself says expressly in the pre-

face to his Arithmetica Jjogurtthniica, that the form of loga~-

rithms, he computed, was communicated to him by the most

noble inventor.

+ See their disputes in the years 1668, 1669, about the

quadrature of the circle and hyperbola in the Journaldes Scavans

and Philosophical Transactions, as also in Mr. Gregory's Exer-

citationes Geometric^. What was said in that tract seems to

have silenced M. Huygens.

»
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of thefe fciences ; wbo/e aid is infome meafure required

for eftablijhing even thefirftfoundations of civilfociety*

as the property of each individual of the community mujt

be afcertained in number
', meafure and weight, >

'

Befides theftfciences have great <y contributed to thofe

arts, whereby the enjoyments of human life are render*

ed more elegant and refined.

Tie fymmetry neceffary to be 'obfervedy whether in
rearing edifices for defence as well as ornament or in

delineating the forms of vifible ohjecls, is altogether

owing to thefe fciences.

Nay, by thefe the very element'r; whereby zvefubfifl,

are many other ways rendered capable offupplying our

wants, and adminiflering to our pleafures: Under them,

even mufic is ranked ; as its various tones- ar'tfefrotn

the different vibrations made in the ait>, by the regular

proportions of which, concords are diflinguijhed from
difcordantfounds. The influence of this art on the

human mind, thereby polijhing mankind', has been at

all times celebrated : and it has been pratlifed by the

great eft heroes of antiquity, both facred and profane •>

and the oldeft fyflem of government and religion, we.

know of adopted it in the worjhip paid to the Supreme

Being. • » - * •

The firmament expanded on all fides over our heads,

whether illuminated by the fplendor of the fun\ or

adorned with the milder lights of the moon and flars,

muft ever have drawn the attention of a mind capable

of reflecting : and thefefciences, by affiduous and care-

ful obfervations, have enabled us to fettle the motions,

and to accountfor and predift the various appearances

of the objefts, we there dejcry. ^ Hence we determine

the returns of the feafons, on which agriculture de-

pends ; number, and, as it were, fix the fleeting parts

of time ; and meafure, divide and cornpaf . this globe, on

which we live. By thefe means we become, in fome
manner, familiar, not only with our contemporary fel-
low inhabitants in far diftant climes ; but alfo with
thofe who exijled in ages long Jince paft. Thus the

h human
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human mind is kept clear of many extravagant and
hurtful prejudices, which it would be too apt to im-

bibes on our having only a fcanty acquaintance with
our ownfpedes. And the being able to determine the

times, when eclipfes will happen* and the knowledge

of the courfes of comets* havefreed usfrom the terrors*

that ufed to affright whole nations* ignorant of the

caufes oftbofe once alarming phenomena.

Again* from very trivial obfervations* by help of
the mathematics* have been drawn moft wonderful con-

cluftons.

The obvious property of the common balance* and
the floating of folidfubftances in fluids* have given

rife to arts* that haveproduced magnificent andftupen-
dous works.

The broken appearance of an oar in the water*

which inftance* the academics in their idle difputations

fo pertindcioujly urged againft the certainty of human
knowledge** the mathematicians have laid hold of and
thencefound out* not only the manner wherein vifion is

performed* but how to improve thatfaculty ; as alfo

thefurprifing properties of light* whereby objecJs are

prefented to us in fuch a beautiful variety of colours :

and even determined the magnitudes of the particles in

matter* that are difpofed to reflecl or refracl different

coloured rays.

From bodies being attracled by the earth (for they

fall to it on everyfide) has been difcovered the law of
that power* to which all portions of matter; wherever
placed* dofubmit ; and hozv thence the celeftial bodies

are kept in their order* and perform through the bound-

lefsfpace their refpeclive courfes. Hence the ftrutlure

ofthe univerfe offered to us in this view, wherein we
have learnt, that its different parts* even the moft re-

mote, are all governed fo completely by one and the

fameJimp leprinciple* muft infpire ajuft and awful idea

of its moft powerful* wife and beneficent author / and

banifh

Ciceron. Academ. L. it. §. 7, 25.

* - "

K

•
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. tanijh from our minds every unworthy conception of
him, thatfuperftition and enthufiafm may fuggeft.

Befides thefe apparent advantages, accruing to man-
kind from cultivating the mathematical fciences, the

many fteps of pure reafoning, that are gone through in

the progrefs of knowledge, from the rrioft obvious af-

fections of magnitude, to the admirable properties that

are now difcovered, fince
*
thefe fciences have been fa

happily applied to the ftudy of nature, mufi afford an
exquiftte pleafure to a mind duly adapted forfucb re-

fearches. And perhaps in thefe mentalfatisfaclions is

to befound ourfupreme felicity. But as we are of dif-

ferent tempers, fo that what delights one, appears in-

ftpid fo another; it is too frequent a failing, even

amongst perfons of true learning and genius, to over-

rate their own purfuits, and contemn thofe of others.*

But it is the bufinefs of experience and reflexion to

wean us of thefe unreafonable prepoffeffions, whereby
we may become more cautious in pafftng too rafh a
judgment onfubjecls generally allowed to be ufcful, and
which weflight, chiefly becaufe we have not maturely

confidered them, or perhaps have wanted talents to

makefuch inquiries.

It has indeed been frequent at all times, even for
writers not dejpifing any branch of learning, yet in

praifing the art in which they excelled, to undervalue

inJome meafure that of others. "Thus long ago, though

Cicero in many places of bis works fpeaks highly in

commendation of the mathematics ; yet at the beginning

of his treatife De Oratore, where he would exalt his

own profeffion, by fhewing how few had attained tier-

fedion in it, has thefe words : Quis ignorat, ii/'qui

mathematici vocantur, quanta in obscuritate re-

rum et quam recondita in arte, et nmltiplici, sub-

tilique versentur ? quo tamen in genere ita multi

perfecti homines exstiterunt, ut nemo ferfe studuisse

b 2

* Eodem roodo dc Aristotele et Isocrate judico quorum nter-

que suo studio delegatus contcmpsit alterum. Cic. Offic. at the

beginning. t
; •'./:•.
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ei sciential vchcmentius videatur, quin, quod volu-

erit, .consccutus sit. And but the other day a

moft celebrated author, who at times has treated the

mathematics very civilly : yet in fetting forth the dif-

ficulty of his own happy talent, has thought fit to fay /

il est aise d'apprendre la trigonometric* But thefe

writers have not in this cafe, as they ought, taken care

in making thefe forts of comparifons, to difiinguifh be-

tweenfuch as had acquired a knowledge only in thefe>

arts, and fuch as have produced difcoveries. There

have been but few Archimedes and Newtons : though

it may not be difficult to underftand trigonometry, it is

notJo common to make real and elegant improvements in

that, or in any other branch of the mathematics.

In thus apologifingfor myfriend's profeffton, I would

not be underftood not to entertain a due efieem for other

parts of learnings or in the leaft to place the mathema-

tics in competition with them.

After what has been/aid, it would be needlefs to

take notice of fuch, as without any tafte, and being

wretched reafoners, havefpoken with contempt of the

mathematics. Thus Joseph S caliper, when convicled

by Clavius of the grofs parallogifms, he had committed

in attempting to fquare the circle, not only abufed his

monitor, but his vanity rendered him ridiculous §nough

as to ajfert prseclartim ingeniuin non potest esse

niagnus matliematieus ;f and on a Ike account this

fclf-fufficient critic, Jlyled <,ur all accomplifbed Sir

Henry Savile, un certain orgucilleux sot.% But

that learned knight, who had been thoroughly acquaint-

ed tf| Paris with Scalper's failings in point of reajon-

ingi afterwards gave his real charafter in his Pre-

legions on Eucii(ic§

From the above weakneffes of mind Mr. Robins

Jecmed to be exempt by nature ,> having been endued

with

* Preface to a comedy 'called Le Caffy on PEcossaisc, p. ix.

printed in 1760.

+ Scaligerana, article Clavius.

£ Scaligerana, article Casaubon.

§ Left. ii. p. 22. Left. iv. p. 73. and 'Left. xii. at the end.
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with a capacity fitted for very different /peculations.

Hence, though he profeffed teaching the mathematics

ontym he would however Jometimes afftjl particular

friends in other parts of knowledge : for he was well

qualified to point out the real beauties of writers in all

forts ofpolite learning, and alfo the excellencies in the

performances of great artifls, as his tafie and judg-

ment were not limited to a fingle Jubjecl alone, but ex-

tended equally to hiftory, oratory, poetry, mufic, archi-

tecture, fculpture, painting, and works of genius and
invention in every kind.

Notwithftanding he was thus fraught with variety

of knowledge, he never made any oftentations ufe of it

;

his conversation being always lively and entertaining,

generally on gay and joyous Jubjecls, without the .

leaft mixture of pedantry or affeclation of any fort.

However, when a proper occajion prefented, he

could explain himfelf on the mojl abftruje points with

great clearnefs and ftrength, both of reafon and ex-

prejfton.

Rut the confinement in his profeffton notJutting with

bis atlive difpojition, he gradually declined it, and
went into other courfes of life, that required more

exercife ; for which he xvas fitly adapted, as being of

a middle ftature, well made, and not corpulent.

Hence he tried many laborious experiments in gunnery :

believing the rejiftance of the Sir had a much greater

influence on Jwift prcjecliles, fhah was generallyJup-
pofed. Hence he was led to confider thofe mechanic

arts, that depended on mathematical principles, where-

in he might employ his invention ; as the conftrutJing

of mills, the building of bridges, draining offens, ren-

dering rivers navigable, and making of harbours. In

which inquiries he received conftderable advantages

from a very early acquaintance with William Ocken-
den, Efq. who having a peculiar genius for Jucb

Jpeculations, and a moft intimate friendship alwaysfub-

Jifling between them, they mutually improved each

s b 3 other,
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other, by a confiant communication of their thoughts *

and obfervations on thefe fubjetls.

Amongst other arts of this kind, fortification very
%

much engaged Mr. Robins's attention ; wherein be

met with opportunities ofperfecting him/elf by the view

of the principal ftrong places of Flanders, in fome
journeys he made abroad with perfons of difiinclion and
fortune.

On his return home from one of thefe excur/ions, he

found the learned here amufed with a treatife, written

exprefsly againft the mathematicians, intituled The
Analyst. This was the produclion of Dr. Berkley,

bifhop of Cloyne ; who had been longfamous for vain

and metaphyseal paradoxes ; and his objections to Sir

Isaac Newton arofe chieflyfrom his not under/landing

the writings of that great man.

Mr. Robins therefore was advifed to clear up this

affair* htlvtnZ afu^ an^ diftincl account of Sir Isaac

Newton's doclrines, infuch a manner as to obviate

all the objetlionsy without naming them, that bad
been advanced by the author of the Analyst ; fo that

there need no recourfe be had to the bifhop*s book

to underftand the fubjecJ, and alfo that he bimfelf

if poffible, might fee the weaknefs of what he bad,

with fuch an air of affurance, urged. Accordingly

Mr. Robins printed, in W35, A Discourse con-
cerning the Nature ano* Certainty of Sir Ifaac

Newton s Methods of * Fluxions, and of prime
and ultimate. Ratios.

Thisfmall tracl is admirable, on account of its clear-

ntfs, brevity, and Jlrength of* expreffion.

*tawards the illuftrating the nature of fluxions^ it is

there at the beginning obferved, that as thefluxion of a
line is the velocity or degree of fwiftnefs of a point

deferibing in its motion that line • fo the fluxions of
furfaces andfolids may be expreffed by the velocities of
points defcribing lines, that increafe proportionally

zvitb thofe quantities*

Next

Digitized by Google



PREFACE. xxiii

Next the fundamental properties of fluxions' arc

demonftrated after the manner of the ancients, in the

moft rigid form ; and it is Jhewn how to apply them

to the determining the tangents and areas of curves.

Then is given a full and clear account of thefeveral

orders of fluxions, or the variations in the velocities

of increajing and decreafing : and the ufe of fecond

fluxions is illuftrated in the inveftigating from a new
confederation the curvature of curves. As here, in

demonftrating the fluxion of a power, Sir Isaac New-
ton's Binomial Theorem is introduced: fo in the

Present State of the Republic of Letters, for Oc-
tober 1735, there is publijhed a demonftration of it

independent on that theorem.

After follows a very diftinft relation of Sir Isaac

Newton's method of prime and ultimate ratiosK and
how it may be applied to the purpofes, for which it

had been Jhewn fluxions might be ufed : and there is

given another new way of determining the curvature

of curves. Here is fully made out the connexion be-

tween this method, and that of the ancient geometers,

called exhauflions ; fo that it may be of no fmall fer-
vice to young mathematicians, for their more ready

perceiving the force of the demonftrations in the

Principia.

The laft part illujlrates Sir Isaac Newton's way

of computing the fluxions of quantities j concluding with

an explanation of what he had delivered concerning

their Momenta. x And this particular is ftill farther

profecuted in the abovementionedjournal.

Notwithftanding this traft was written with the

greatefl perfpUuity, completely explaining the genuine

fenfe of Sir Isaac Newton's dofirines; yet there were

found fome, who were not fatisfled with what Mr.
Robins had publijhed.

And this was the lefs to be wondered at, Jince many

of our mathematicians having flrft learnt to apply the

computations of this method> to geometrical figures,

from the Marquis de THopifcal's Analyse des infi-

b 4 niment
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niment petits, they were injenfibly infefted with the

principles of infinites followed in that book.

One amongst tbefe, who under the name of Philale-

tbes Cantabrigiensis, bad on tbts wrong foundation

undertaken the defence of the mathematicians a^ainft

the author of the Anaiys% continued to maintain his

mi'JtaJjen reprefentation. This induced my friend to

write two or three additional difcourfes ; which, as

they may poffibly contribute to the eajicr apprehending

Sir Isaac Newton's genuine meanings 1 have here

reprinted. The fubfeqitent peevijh and ungenileman-

like fhifts, Phtlaiethes condefcended to, rather than

anquiefce in Mr. Robins'.- fuperior knowledge, I
would gladly have pajfed over in filence ; had not I
found Mr. Robins highly blamed by M. de Button,

in the Preface to a French tranjlation of Sir Isaac

Newton's Method of Series and Fluxions. /
have therefore endeavoured at a vindication of my
friend. But as this would now carry me too far
from the defign of the prefent preface, I have given

it with other things in an Apendix to the following

tracls.

In 1738 be defended Sir Isaac Newton againft an

objection, contained in a note at the end of a trail in

Latin, called Matho sive Cosmotheoria puerilis,

written by one Mr. Baxter, who had before publifbed

no fmall volume concerning thefoul I But what ought

we to think of this man's capacity for reafoning, who
could not fee his

x
error in a mathematical fubjeel,

though it had beenfo plainly Jbewn him : as we learn

by an enlarged edition be afterwards made of his

Matho in English, that he ftill perfevered in his

mijlake ?

And indeed the world has never wanted prcfuming

men, that fancied themfelves able to difcufs inexplicable <

points ; yet when they have attempted fuch as are

capable of demonflration, they have manifefted their

deficiency in reafoning. It is true, the grcatejl genius

may^througb inattention fall into parallogifms, even in

geometry.
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geometry. But here lies the difference. The one on

the leaft bint given of fucb a flip, readily of bimfelf

rectifies it ; but the other, ifyou offer tofet him right

\

only flounders on in his errors, being not able to com-

prehend the force of your objeclions, however clearly

urged; nor at length even his own meaning, having

never had a jufi idea of the fubjeel he unadvifedly

undertook.

Mr. Robins printed, in 173,9, Remarks on M.
Euler*s Treatise of .Motion, and on the Compleat
System of Optics, written by Dr. Smith, theprefent

worthy mafler of Trinity- College, in the univerfity

of Cambridge ; as alfo on Dr. Jurin's Discourse of
distinct and indistinct Vision, that was annexed to

Dr. Smith's work.

One purpofe of this piece is to Jhew the errors ma-
thematicians are liable to, by implicitly adhering to

their algebraical calculations. The latter part is writ-

ten after a free manner ; for which the author in his

preface has given his reafons. This alfo, as well as

the difcourfe on fluxions; occafioned on the fide of
Dr. Jurin a controverfy ,' which might have prov-

ed of long duration; had it not been cut fhort
* by Mr. Robins being then called to a public em~

I ployment.

As all the trails, to which he put his name, were

confined to the mathematics ; the clearnefs, brevity

and elegance, wherewith they were compofed, could be

judged of by a very few, and indeed perfeclly only by

Juch as were not unacquainted with the writings of
the ancient geometers. But in fome anonymous pieces,

he publifbed on more popular fubjeel
l

s, greater numbers

were fenfible of the force of his reafoning, the juftnefs

of his deferiptions, the beauty of his expreffons, and
the harmony of his periods.

In the year 1 7 :
j e) there came out three pamphlets,

which acquired him great reputation, though they were

written very baftily ; as tbe incidents, that occafioned

them, werefudden and urgent.

The

»
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The firft was intituled, Observations on the pre-

sent Convention with Spain. Here the fpecious

veil, with which fome had endeavoured to cover the

meannefs of this tranfablion, was entirely removed g ,

and all the invincible arguments againft it Jet in the

ftrongefl light , which very arguments were afterwards

made ufe of when it became matter of debate in

parliament. * •

Thefecond was called, A Narrative of what pass-

ed in the Common Hall of the Citizens of London

assembled for the Election of a Lord Mayor.
This, though compofed indeed pn a lefs momentous affair,

yet contained in itfurprifing ftrokes of true oratory.

The third was written on the following occafion.

Many eminent patriots, a% they were then ftyled, "upon .

the fantJion given by the Houfe of Commons to the

Spanish convention
% notwithftanding all their weighty

fpeeches and reafons againft it, becamefo difgufted, that

they took a refolution from that time of not attending

the bufinefs ofparliament : which proceeding, called a

fece£iony was highly refented by the other fide and
the feceders at length returned as ufual to theirfeats

in the houfe. This defection being by many deemed rafh,

Mr. Robins was requefted to write ah apology for it: •

The pamphlet he compofed was delivered to a principal
"

perfon
x
concerned, in order to be tranferibed, and the

original deftroyed, the better to conceal the real writer*

whofe condition in life might not be able tofecure him

from the refentment, the freedoms taken in it might

provoke. After fome alterations^ to foften matters^

were made, and a preface prefixt, of both which Mr.
Robins was neither the author nor approved ; it was
at length publifhed under this title f An Address to

the Electors and other free Subjects of Great Bri-

tain, occasioned by the late Secession. In which
is contained a particular Account of all our Ne-
gociations with Spain, and their treatment of us

for above ten Years past.
"

This
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%
This trafl, though by the abovcmentioned alterations

in a manner disfigured, was. univerfally efteemed, and

forJome time, as well as the Observations on the

Convention, generally reputed to have been the pro-

duftion of that great man bimfelf, who was at the bead

of the oppofition to Sir Robert Walpole ; but it proved

offuch confequence to Mr, Robins, that it occajioned

him to be employed in a very honourable poft. For the

patriots continually gaining 'ground, and at length a
majority ; Sir Robert was upon this turn of affairs

advanced, for his better fecurity, to the peerage , by

the title of Earl of Oxford. Hozvever, a committee of

the Houfe of Commons being appointed to examine into

bis lordfhip
y
s paft conduft, Mr. Robins was cbofen

theirfecretary.

And here he exhibited conftant proofs of bisfitnefsfor
this important ftation, in taking down very readily and

perfectly the examinations made before the committee

:

which was no eafy task, as the perfons examined were
well verfed in fecret tranfaclions, and greatly interefl-

ed, that the real truth Jhould not be come at. After

the committee had prefented two reports of their pro-

ceedings, afudden ftop was put to theirfarther pro-

grefs by a compromife between • the contending parties ;

and moft concerned were gratified, either with honours

or places, except the fecretary : which feme1' attributed

to his having been toofincere in the affair. However,

in 1 742 the fecond report clandeflinely came abroad,

and was much admired.

Thus Mr. Robins being again at leifure, printed

thefameyear afmall treatife, intituled New Prim i pies

of Gunnery, containing the refult of many experi-

ments be bad made, whereby is difcovered theforce of

gunpowder, and the difference in the refilling power of
the air tofwift and flow motions - whence it plainly

appeared, that the oppqfition of that medium to bullets

andJhells, fhotfrom cannon and mortars, far exceeded

what was generally imagined $ and that the track de-

scribed in their motion differedfrom that of a parabolic

cal
-

*
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cal line, to a degree undifcovered by any who bad mit-
ten exprcfjly on thefubjecl, from the days of thefamous
Gaiileo, to the prefent time.

Sir Lsanc Newton indeed, as Mr, Robins obferv-

ed,* mas veryfenftblc of the effecls of this reffiance :

and has pnpcfed how to affign in particular cafes a
curve of a differentfpeciesfrom the parabola, as more

anfwerable to the prcjetlile's motion. f Nor was this

great man wholly unapprifed of the increafe of reftfi-

ance, bothfrom the rotatory motion ofthe moving body,

and a[fofrom the preffure of the fluid on the body, be-

coming by its motion greater on the fore part than on

the binder.

\

The tratl of Mr. Robins was preceded by an ac-

count of the progrefs modernfortification had madefrom
its firft rife / as alfo of the invention of gunpowder

\

and of what had already been performed in the theory

ofgunnery.

This was well received by the public, and, it

was thought would have procured the author prefer-

ment ; if he never bad been fecretary to the fecret

committee.

Upon a difcourfe containing certain experiments being

publijhed in No. 465 .of the Philosophical Trans-

actions,

* Preface, p. 51.

+ Princip. 'Lib. II. Prop. x.

J Ibid. Prop. xl. in the Schol. in the Remarks on Experira.

IS. Amongst Mr. Robins'* memorandums is the following pas-

sage, which seems as intended to have been inserted into a^pre*

face to his discourses, that had been read before the Royal So-

ciety, and which he Mas about publishing. " Since what I
44 wrote in a former treatise on this head, I find Sir Isaac Ncizton
44 had considered this, though not in the present instance ; for
44 in speaking of some conjectures he had made on the separa-
64 sion of the colours by' the prism, he adds,*'-—/ remembered
that / had often seen a tennis ball

y
struck zi iih an oblique racket,

describe a curve line. For a circular as xvcll as a progressive

motion being communicated to it by that stroke, its parts on that

side, where the motions conspirc % must press and beat the con-

tiguous air more violently than on the other, and there excite a

relu&ancy and re-action of the air proporiionably greater. Phi-

losophical Transactions, No. 80. p. 3078. Feb. 1671-2.
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actions, in order to invalidatefome particular opinions

Mr. Robins bad advanced s be thought proper> in an

account be gave of bis book in the fame Trarrfaflions,

No. 469, to take notice of thoje experiments. And in

confequence of thi$y Jeveral differtaticns of bis> on the

rejiftance of the air> were ready and the experiments

exhibited before the Royal Society in the years 1746
and 1747 ; for which be was prejented with a gold

medal. %

On that occqfion Mr. Folkes the prejident addreffed

the Society and Mr. Robins, as follows.

s

t

Gentlemen,
. »•««•

The curious and valuable experiments, which
have lately been made before you, by our very

worthy brother of the Society, Mr, Benjamin
Robins, concerning the resistance given by .the

air to bodies in motion
;
particularly to military

projectiles, and such others as, are made to pass

through that medium with great velocities ; could

hot escape the attention of my honoured prede-

cessor, your late president, Sir Ijfam Sloand: who
in his present retirement from business, still ap-

plies himself with unwearied diligence, to all sorts

of learned and philosophical enquiries.

He has still trie same concern for the prosperity

and for the honour of this body: and the know-
ledge and information he daily receives of every

thing remarkable that passes amongst us, or that

is communicated to us from without*, affords him no
less satisfaction, than when the weight «of fewer

years, and a more vigorous state of health, allow- v

ed him to give so constant and so regular an at-

tendance at our meetings, during so long a period

of time, and through the several offices he has

held in the Society.

As

-
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As I say the before mentioned experiments could
not escape his notice, so neither would he let

them want the sanction of his own approbation

:

and he has therefore this year, as the surviving

executor of the late Sir Godfrey Copley, nominat-
ed Mr. Robins to receive the annual prize medal

, of gold, bestowed by the Society in consequence
of Sir Godfreys benefaction.

I accordingly, at a late meeting of your coun-
cil, acquainted the gentlemen there present with

this appointment: who were unanimously pleased

to approve of the same, and to put into my hands
a medal, upon which, according to their order, I

have caused Mr. Robins's name, and the date of
the present year to be engraved.

It is from these experiments, and from those
others which Mr. Robins is still preparing to ex-
hibit, that we may expect to see compleated the

whole, and the true theory of projectiles. What
Galileo and Torficelli, who first demonstrated the

motions of these bodies in vacuo, knew to he still

wanting in their theories, will .hereby be supplied

:

and these particulars will at last become known,
which they wished that future observers would
make diligent and careful experiment about.

The great Sir Isaac Newton, who did so much
honour, when living, not only tp this society, and
to this chair; not only to this country, and to the

age he lived in, but to the world in general, and
to human nature itself : this great man, I say, in

his admirable Principia, investigated the laws of

the resistances made to bodies in motion, during

their passage through the air and other fluids,

and thos,e upon different theories, and upon dif-

ferent suppositions. He also made experiments

upon the resistance given to funipendulous bodies

in their oscillations, and to others in their fall,

which he caused to be dropped for that purpose

from the highest part of the cupola of St. Paul's
church :
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church: but he never had the opportunity of

making trials, upon those much greater resist-

ances, that shells and bullets are impeded by, in

those immense velocities with which they are

thrown from military engines.

, And hence it has come to pass, that succeeding

writers, even those of the first class, and who are

the most justly distinguished by their great know-
ledge and abilities, not sufficiently attending to

the true theory of these motions, have been of

opinion, that in large shot ofmetal, whose weight
many thousand times surpasses that oj the air,

and whoseforce is very great, in proportion to

the surface wherewith they press thereon, this

opposition is scarce discernable, and as such
may, in all computations, concerning the ranges

of great and weighty bombs, be very safely neg-

lected.

This is one of those principles, which the learn-

ed gentleman, who favoured us with these expe-

riments, very particularly proposed to examine,

and that both theoretically and practically ; and
. he has accordingly shewn, by a series of the most

curious and most ingeniously contrived experi-

ments ; if not the absolute quantities of these re-

sistances in all cases, at least that they are enor-

mously great, much beyond what any former
theories had assigned, and such as are absolutely

necessary to be considered in all strict reasonings

concerning thess matters: particularly, as they

in so remarkable a manner curtail and diminish the

great ranges of all sorts of cannon and mortar-

pieces.

He has also by the way had occasion to take

notice of several new and surprising phenomena,
attending these sorts of motions : such as the dif-

ferent resistances, that are given by the same me-
dium, to one and the same body, when put into

motion with the same velocity, and when present-

ing
.
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ing to the resisting medium, the same or an equal

superjiccs, hut only in a different direction.

Mr. Robins- has yet farther pushed his trials^ to

certain deflexions, hitherto entirely unconsidered,

of bullets and other projectiles from the vertical

plane in which the shot is made : and which he
has with great ^subtilty accounted for, from a ro-

tatory motion that bullets accidentally acquire

about an axis: and as a confirmation of his theory,

he has in many cases been able either to prevent

this deflexion, or to direct it such way as he
thought proper.

The last particular I shall here take notice of, is

a most extraordinary, and astonishing increase of
the resistance,, and which seems in a manner to

take place all at once, and this when the velocity

comes to be that of between eleven and twelve

hundred feet in one second of time. This increase

however only concerns the absolute quantity of
the resistance, the law of it continuing in other

respects nearly the same as before: and it is re-

markable farther, that the case wherein this in-

crease of resistance becomes observable, is that,

wherein the velocity of the shot, is at least equal

to that velocity with which sounds are propagated:

whence Mr. Robins has with great sagacity of-

fered his reasons to believe, that in this ease the

air does not make its vibrations sufficiently fast,

to return instantaneously into the place the bullet

has left ; but that the bullet then leaves a vacuum
behind it

;
whereby it becomes exposed to the

whole resistance, the body of air before it is ca-

pable of giving.

Should I but barely enumerate all the particu-

lars in these experiments, that have appeared to

myself both curious and instructive, I must by far

exceed the bounds, that can reasonably be allowed

me on the present occasion. I shall therefore

only add, that as I cannot sufficiently admire the

elegance
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elegance and* the judgrrient, with which the gen-
tleman's experiments have been contrived and
conducted; so neither. can I enough commend
the laudable and indefatigable pains he has taken,

in making so very many experiments himself* and
in collecting also so many others from elsewhere

;

all which he has deduced such computations

from* as might enable him to compare the same
with, and hereby to^ confirm and ascertain his

theories.

Mr. Robins, ,,•
*

i, - * *
.. , .

It is now, Sir/ with the greatest satisfaction^

that I can assure you of the high esteem the Roy->
al Society have for you, and of the just value they
set upon your very curious and useful communis

. cations. It is, by their command, and in theiir .

name, that I put into your hand this faithful

token of their regard : in which you will not at-

tend to the smallness of"the gift, but Consider it

as it comes from a Society, neither abounding in
sums of silver or gold, not pursuing or coveting,

worldly riches, but the improvement only of phi~
losophical knowledge. You will please therefore

in such a;light to accept this medal, and in some
sort to compare it to those crowns, that were
given to eminent persons, in th6 first ages of sim*.

plicity of the ancient Greeks; and which al-

though only wreaths of olive, or even garlands of
grass, were not on that account the less esteemed

by those upon whom they were bestowed, as they
were still authentic testimonials, of the most ex-
alted virtue, and of the most distinguished merit.

As thus Mr. Robins's experiments and theories met
with thf greateft approbation from the befijudges here ^

Jo the tratf be had publijhed on thofe fubjefts did

... c h'm
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him much honour abroad s for thefamous AL Euler
tr(inflated it into High Dutch ;

accompanying ibis,

jmall piece with an immenfe commentary # and beftow-

ing praifes on it> yet not without attempting to difcover

errors. This was printed at Berlia in 1745, and
Mr. Robinsfoon after informed me, that M. Euler's

principal objeclions arofefrom miftakes ; thefource of
which havingfound eut> be intended to publifh an an-

swer / but from that time continual interruptions pre~

vented bim.

It has alfo been tranflated into French by M. Lc
Roy ;t and it is often mentioned with applaufe in the

Literary Journals of Europe.J The authors of one of

them in giving an account of M. Du Harness experi-

ments on the :fame >fubje&y ddd—il nous expose k
cette occasion quelques experiences tr&s-curieuses

faites par d'autresi physicians particul&renient par
Al, Robins, qtie l'Angleterre cornptoit ati nonvbre
de ses plus gran glometres, mai6 que la moit lui*

tfnle.vail jra d6ja cjuelques amu£es;fl 1

- The reputation, be juftly. acquired by this perform-

ance, made* *a foreign profeffor of tbe maibematics%
when in London, pay bun a vifit /> and bis'efteem for

Air. Robins- was by tbat interview great/y improved^

infomucb tbat on bis return home, be commended Air.

RobinsJo effe&ually to the late prince of Orange, that

be was invited over to affift in the defence of Berghen-
op-Zoom, then invefted by tbe French ; and be did

accordinglyJet out for tbat place s but it was entered,

by the befiegersy September 16, 1747a jufi after bis

arrival in tbe Dutch army. <

As

* This celebrated work has lately been translated into Eng-
lish, by order of the Board of Ordnance, with many necessary

Remarks and useful Tables, by Mr. Hugh Brown of the Tower,
published in one volume, in quarto.

. + Memoir, de 1'Academie de Sciences a Paris, for 1751, p. 45.

J Journal des Scavans, Mai 1743. Nov. Acta Krudit. Maii
1746. Mem. de l'Acad. des Sciences a Paris, 1750, p. K
Mem. des Sciences & Belles Lettres a Berlin, ann. 1765, p. 104.

J|
Journal des Scavans, Jan. 1755.
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As Mr. Robins bad at this time no opportunity of
/hewing bis Jkill in military affairs 3 fofomeyears be-

fore be was difappointed in bis topes of ferving that

way bis own country. For in 1741, Lord Cathcart
was to go on afecret expedition, ipbicb was generally

Relieved to be intended againfi the Havanna. And
Mr. Robins having bad a manufcript plan of it, drawn
upon thefpot with great exaflriefs,. \iven to him by [Otitis

of bisfriends, immediately applied him/elf to confideth

bow theftege of this city^ now delineated before birn^

might beft be attempted : and hygnat pains in Mfttir*

ing of numberlefs perfons, who bad been there, gotfutb
information, as enabled him to write 4 very accUratt

fcbeme for the conqueft of thai important for'trefsr j~ih

whichfcbeme, after having dtfctibed the circumjace^it

country, and pointed out the prtpereft plafti where the

troops might land, be thenfet down a very particular

account, in what manner they ought to proceed, flip by

Jiep, through all their attacks\firft againji theMoorcaftti^

and then againfi the body offbe town itfelf

Thisftheme, together with the manttfcript planjufl
Mentioned, Mr. Robins prefented to Lord Cathcarty
not without hopes, that bis Lordjhip wotild thereby ie

induced fo allot him a Jbare in the execution of an en*

terprize, he bad fa fully marked cut; as batdly to

omit a Jingle circHm/larice, that fthod in need vf expla-

nation : but bis expe&ations w^ere to*any difappointed •

for notwithftandmg theprefent wai received with great

readinefs, and many encomiums befiovizd upon the- com

-

pleatnefs of the performance, yet hvs Lordfhip -:0as

quite filent with regard to engaging bi-s per/cv«t
r
'0'ffi~

ance* Many people then judged thii cottinsh to pro-

ceedfrom Mr % Robins having 'been otiachdd to the

wrongjide of political party1 but time foon dfcovered
Carthagena, and not the Havanna* to be the great

ohjeel of that unfuccefsful expedition.

Some years after this difappoinhnent, Mr. Robins
bad the good fortune to be engaged in a work, that

proved of more conference to hirhk than all be bad
hitherto written*

ca ' Jtt

Digitized by Google



xxxvi . Dr, WILSON'S

V. fy 1741," Mr. .^tosdDi (now Lord Anson, and at

the bead ofthe Admiralty, when our fleets carry terror

wherever they appear,) as commodore in the Centurion

vian of war, accompanied with other Jbips t began his

Voyage round the world, which though by difafters had
pot all the fuccefs that might have been reafonably exA

pqcled, yet under this great commander were produced

inany brave and fkilfkl officers, who at prefent dofa
puck honour ta lk* British navy. Of this voyage the

pibiick hadfarfome lime been in expetlation offering

an account eompofed und&r bisLordfhip\s own infpec-

: For this putpofe the reverend Mr. Richard

Wetter sWas employed, as having been chaplain aboard

$e.J&W\rt\onfor/jke greateft part of the expedition.

'^#iter ha,d\.accordingly< almoji finijbed bis task,

iuving^brQUght it Mown to his own departurefrom
Macau /<?r England; when be propofed to print his

work 1 \byfuifcription* Then Mr. Ho bins being recom-

mended as a proper per/onfor reviewing it on exami-

nation (notwithftanding the Jhortnefsofthe time, that

could be allowed,for fucb an undertaking) it was re-

folved, that the whole Jhould be written.entirely by Mrt

Robins; what Mft*Walter bad.done, being, as Mr.
Robins informed we^almofi all taken verbatim front

/^Journals, was Jo ferve as materials only. And
upon a ftricl perufal of both the performances, Ifind
Mr. R« jhint's to contain about as much matter, again

as that of Mr. Walter : and indeed the- introduclion

entire, with many dictations in the body of the book>

were compofed by Mr. Robins, without having re-

ceived the leaft hint from Mr. Walter's manufcript ?
and what he had thence tranferibed regarded chiefly

the wind and the weather, the currents, courfes, bear-

ings, diftances, offings, foundinp, moorings, and the

qualities of the ground they anchored on, with fuch
particulars as generally fill up a failor's account. So

this famous voyage was compofed, in the perfon of the

CenturioiA chaplain, by Mr. Robins, in his own
Jlyle and manner. Of this Mr. Robins':*friends, Mr.

1 Glove

1
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Glover and Mr. Ockenden, are witnrffes as well as

inyfeff, we having compared the printed book with Mr?
Walter's manuscript. ,

1

: .

*

And this was at that time no fecret ; for in the coun-

terpart of an Indenture, now lying before me, made
between Benjamin Robins, Efq. and John and iPaul

Knapton, bookfellers, I find, that thofe bookfellers^

purchafed the copy of this book from Mr, Robins as

the fole proprietor, with no other mention of Mr^
Walter, than a provifo in relation to, the fubfxriptions t

he had taken. ,
•/ ,.\»

Thus as many of Mr. Robins s fmailer pieces came
abroad without a name ; fo this larger volume wab.

printed in the year 1748, under that of another. But
though Mr. Walter's appears in thefrontifpiece.j yet

Mr. Robins wasfo well underftood here to be the

principal author, that he was univerfally congratulated

on its fuccefs. And indeed no produclion of this kind

ever met with a more favourable reception from the

public ; four large editions were fold off in lefs than
a twelvemonth ; and it has been tranjlated into moft of
the languages of Europe ; and it ftill fupports its re-

putation,, it being this year> 1761, printed herefor the

ninth time*

Though' the beauty b£ th+original cannot be fully

perceived by aforeigner, yetjbe Journals abroad have

fpoken of it with great appfaufe. The authors of one

of thenr\ declare—aussi croyons-nous avec lui que
son ouvrage est tr&s-SHperieur a tous ceux qui ont
paru dans ce genre ; and on mentioning theSufferings

ofthe mariners in one part of the navigation, theyfay,

La peinture de ces divers accidens est si forte & si.

Vive, qu'elle porte I'effroi & la commiseration dans

Tame des lectures. And M. d'Alembert, in his

Disquisition on the figure of the earth, recounting the

voyages that had been made round it, fays, En der-

c3 niere

* The fifth edition at London in 1749 was revised and cor*

relied by Mr. Robins himself.

+ Journal des Sc,a?ans Jan?. 1750. . . .
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niere lieu ce voyage a ctfc fait par l'amiral Anson,

,

dont on a imprime la relation si interessante et si

curieuse.*

We are atfo totd\ that in a treatife publifbed at

Paris in 17^6, intituled Histoire des Navigation
aux Terres Aust rales, there are extractsfrom it / and
accordingly the authors ofthe Memoires des TrevouxJ
in their account ofthat Collection, after having duly

commended two famous voyages^ to thofe parts, add,
%

that in them s—on ne sent pas cette chaleur d'ima-

gination, cette vivacit£ de style, qui caracterisent

rhistorre de ^expedition dont se chargea l'amiral

Anson en 1741.—Richard Walter, cbapelain du
vaisseau amiral, qui a 6crit la relation de ce voyage,

y peint une flotte qui s'embarque avec allegresse,

qui vogue avec les plus hautes espdrances, et qui

dii D6tr6it de la Maire, et m£nie a Tentr^e de la

Met Pacifique, voit la fortune dont elle se repais-

soit s'evanouir dans le scin des plus affreux de-

sastres.—Tout ce que Fun et Tautre element pen-
vent offrir de plus riant et de plus effrayant, se

rencontre sous le* plume de Walter et varie agre-

ablement ses curieuses observations sur la geo-
graphic la physique et la navigation.

I have chofe toJet down rather thefe foreign ttfli-

monies to the advantage ofMr. Robins's performance,

than to enlarge myfelf in Its commendation ; fince the

inviolablefriendjbip, that is well known to havefub-

fifled above twenty years between us, may be thought

to influence my opinion.

Mr. Robins> thus becoming famous for his ability

in writing, was requefted to compofe an apology for the

unfortunate affair at Preston-Pans in Scotland.

This Was preflxt as a preface before the report\ that

was
* Encyclopedic, torn. vi. p. 750.

+ Journal des Scuvans, O&ob. 1757.
+ Jan. 1758.

$ Those of Mess. Frazter and Losicr-Bonvct.

| This is intituled, The Report of the Proceedings andOpU
nion ofitie Board of General Officers on their Examination into

*
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nvas publijhed of that tranfaclion, and this preface is

rfteemed a mafter-piece in its kind. For there the

movements of the English and of the Highland armies

are defcribed> the picture of the country drawn, and
the advantages and difadvantages of ground pointed

tmt, withfuchforce and perfpicuityy that I have heard

goodjudgesfay, they lookedon it, as one of the befl writ-

ten pieces in our language* And indeed its author was
very <apable of adapting his ftylfto variety offubjeclsy
whether grave or of a joyous nature : fo that his

immature death has deprived us of many excellent

works, be might have tttberwife publtjhed of very dif»

ferent kinds.

Henceforward Mr. Robins had opportunities of
making farther experiments in gunnery, by the favour

of Lord Anson ; the refult offome of them is declared

in the Difcourfes, I here publijb from the author's

papers.

He alfo not a little contributed to the improvements

made in the Royal Obfervatory at Greenwich, by

uftng his tnlerefi with thefame noble perfon to procure

afecond mural quadrant, and other inftruments, where-

by this obfervatory is become perhaps the compleateft of
any in the world. The nezv mural quadrant, which

was atfrft defignedfor obferving towards the north, be-

ingftill of more exquifite workmanjhip than the former^

is accommodated for obfervations towards the fouth.

This obfervatoryfoon becamefamous, from Mr. Flam-
steed^ obfervations beingfound to be the moft accurate

%f any made at that time by others. And what may
we not expetlfrom it now, fince its prefent worthy pof-

feffbr, the reverend Dr. Bradley, not more remark-

ablefor bisfingular exaclnefs in obferving, thanfor bis

great humanity in communicating his obfervations to

fkcb as are likely to make a proper ufe of them ?

Mr. Robins's reputation being now arrived at its

full height, neither bis backwardnefs inpujhing bisfor*

c 4 tune,

the conduB qf Lieutenant-General Sir John Cope, Knight qfthe

Bath, Colonel Peregrine Lascelles, <j-c. London printed in l749«V
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tune, that conftautly accompanied him, nor bis inflexible

bonefly, that never permitted him to approve of the

unwarrantable anions of any faclion, being no longer

able to prevent his preferment, be was offered the

choice of two very considerable employments. The firjl

was to go to Paris as one of the commiffaries for ad-

juring our limits in Acadia ; the other to be engineer

general to the East-India company ; wbcfe forts being

in a mqft ruinous condition, there was wanting a very

capable perfon to put them into a proper pofturt of

defence. This latter he accepted, as it was fuitable

to his genius, and where, he believed, be fhoM be

able to do real Jervice, as not being liable to be hin-

dered through the fuggejlions of dejign or ignorance

,

which by their boa/ling and importunity, often in-

ftnuaiing themfelves into the direclion ofpublic affairs*

frequently render abortive the beft concertedfebemes.

The company*s terms were both advantageous and
honourable. There wasfettled upon him five hundred

pounds per annum during bis life ; on condition that he

continued in their Jervice five years. He was alfo

entrufted with the appointment of all that were* to

be employed under him ; andfucb an order was made
forfurnifhing him with wbatfums of money, he fhould

think neceffary towards carrying on the works be un-

dertook, as was never paffed on the like occafion ; fo
great was the confidence the company repofed in Mr.
Robins's integrity, as well as ability in neither of
which did tbey find themfelves deceived : and indeed he
atted in all occurrences, through everyJcene of life,

with the utmofl generofity and difintereftednefs ; and
never offered to undertake any things whereof he was
not a perfeel mafter.

He deftgned, if be bad remained in England, to

have compifed a fecond part of the voyage round the

world; as -appears from the following letter, which
Lord Anson did Mr. Robins the honour to write to

him on thatfubjecl.

Dear
. - - . . \>k . » ••••
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* • - •

Dear Sir, ,

When I last saw you in -town, I forgot to ask
you, whether you intended to publish the second

volume of my voyage before you leave us, which,

I confess, I am very sorry for. If you should

have laid aside all thoughts of favouring the world

with more of your works, it will be much disap-

pointed, and no one in it more than

your very much obliged
Bath, the 22d

t humble servant,
of October, ANSON.

1749.
,

.
• - - *

,

If you can tell the time of your departure, let

me know it.

*Tbe above letter is printed not without the noble

Lord's confent j who, being requefted to permit, that

Shis tefiimony might be exhibited to the world of bis

JLordJbips ejleem for Mr. Robins, replied, in the po-

litefi manner, That every thing in his power was
-due to the memory of one, who had deserved so

well of the public.

Mr. Robins *vtfas>atfo preparing an enlarged edition

of bis New Principles of Gunnery, and as there

would have been made great improvements in what
was already publijhed ; fo the geometrical part was
intended to be added • as I learnfromfome memoran-

dums, be left behind him. From them alfo I under-

/land, that ' be had the theory of the moon under con-

fideration. *

But, having provided him/elf with a complete Jet

of aftronomical and other infiruments, for making ob~

ferva}ions and experiments in //^ Indies, be departed

from hence at Christmas in the year 1749* to the

great forrow of all bis acquaintance. This however
was infome meagre 'alleviated, on account of tbrb&r

nffits thfi-fublic migkt. reuivefrom bh frefent fitudtim
... ... n •.<::.

" . .: * .v. V' : ' ::
'in
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in life, and by the hopes offeeing him returnJqfe with
honour to his native country. Not lefsfenftbly moved

was Mr. Robins at quitting the agreeable fociety of
fa's dearfriends, to many of whom be bad beenftriftly

unitedfrom bis firft coming to this place.

In the voyage bis fbip was very near being cqft

away ; but he arrived at the Indies on the thirteenth

*/July, 1750.

There he immediatelyJet about his proper bufinejs

with unwearied diligence ; and he completelyformed
plansfor Fort St. David and Madras. But he lived

not to put thife in execution. For the great difference

in the climate was beyond his conftitution to fupport

:

which was always delicate though till then be fcarce

ever bad a fit officknefs.

In September 1750, be was attacked by d fever,
cut of which he recovered ; but about eight months

after befell into a languifhing condition* in which ftate

he continued to his death. When be bad reqfon to be-

lieve that was not far off, be expreffed bimfelf dif-

fleafed, the pbyficians bad not made him acquainted

with bis real cafe foonery
that he might have loft no

time in expectation of recovering ; and even then he

exerted bimfelf as much as peffible in the duty of his

office, expiring at Fort St. David the Q9tb ofJuly

1751, with bis pen in bis band, as be was drawing

tip for the company an account of the pofture of their

affairs,

The fortifications of Fort St David have beenfince

finijhed, and they are at work upon tbofe of Madras,
according to Mr. Robins's plans. Tbe/e I have heard

highly praifed by many intelligent perjons, who have

been upon the fpot. And what is ftitl more, I have

been informed* that they were approved of by the

brave colonel Clive ; who through the force ofgenius

alone

* By the late accurate and elegant historian of the affairs

*f India, Robert Okme, Esq. who was personally acquainted

Whh Mr. Robins, and highly esteemed his abilities. See his

Maitary Transaaions of the British Nation in Indostan, 4to.
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,

Alone becoming a felf-taUgbt commander, has with

matcblefs conduft, as well as valour, retrieved ou,r

finking affairs in tbofe parts of the world. *

AsJoon as the news ofMr. Robins's death arrived

here, great numbers, befides his particularfriends and
acquaintance, Jirongly expreffed their concern at the lofs

offo valuable a perfon ; and as his letter was read to

the court of the East-India directors, a moft vifible

appearance offorrow Jhewed itfelf on the countenance

of all prefent : and the regard the company had for
Mr. Robins's merit, and theirfenfe of thefervices be

did them, thefbort time be lived in their employments ,

induced them to behave with great generofity towards

hisfather.

Mr. Robins left alfo a moft amiable character be-

hind him in the Indies ; for I have learntfrom many
perfons, who have comefrom thence, that his memory
isJill held there in the bigbeft eftimation by all ranks

ofpeople, And no wonder that a perfonfo well quali-

fied in every branch of valuable learning, fucb a pro-

ficient both in the practice and theory of ufeful arts,

as likewife fo capable and ready to communicate his

knowledge to others, and endowed with a moft candid,

generous and difinterefted mind, and withal a moft

fprigbtly and agreeable companion, Jbduld have render-

ed himfelf univerfally acceptable.

1 muft not omit mentioning, that he took care to make
a fufficient provijion for bisfather, Mr. John Robins,

by purchafing an annuity for the old gentleman's life s

who, at the Bath till his ninety-fecond year, when be

died in 1758, enjoyed a perfeft ftate of health, having

bad nothing fo much to regret, as the lofs of the only

child he ever bads wbofe reputation in the world, and
conftant affeftionate behaviour towards him, were the

chief confolation of bis declining age.

By bis loft will, Mr. Robins left the publijbing

bis works to bis honoured and intimatefriend Martin
Folkes, Efq. prefident of the Royal Society, and to

myfelf: but as that excellent perfon bad forfome time

been *
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been rendered incapable y by a paralyLit diforder^ of
which be isJince deady of bearing a part in this charge ;

Mr. Robinss papers were entrujied to me by his ex-

ecutor Mr. Thomas Lewis.

And here I cannotfprbear expreffing my deepfenfe of
the long continued and uninterrupted beneficence, Mr.
Robins experiencedfrom this worthy gentleman , arif-

ingfolely from hisjuft difcernment of merits which not

only in/pired him with the higheft ejleem for Mr.
Robins, but alfo With a degree of friendship , which
neither time nor place could abate : bis regardfor the

memory of his deceafed friendy extending beyond the

grave, was ftill Jbewn in a conftant benevolence to-

wards Mr. Ro bias's father during his life.

What writings Mn Robins left behind himy that

were delivered, to mey had been tranfcribed into one

vo ume in a very fair hand. This contained feparate

difcourfesy all relating to gunnery.

Thefe take up from p. MS to p. 315. They had
been moft of them read before the Royal Society,

whiljl their author was in England. That entitled,

A Comparison of" the experimental Ranges of Can-
non, &c. at p. 230, wasfent by him from Fort St.

David, juft after .he was recovered out of his firft ill-

nefs. It was prefented to the Society the 2

?

th of June
] 75 1 ; and the lettery that accompanied it, was dated

October 1 6, 1750; in which Mr. Robins tells the

prefident, This I here send, with another) I intend

by the next spring (when I hope to let you have
the complete copy) will finish all I now purpose

to publish upon the subject of gunnery, leaving

the further completion of it to my future labours,

either .in this country or in Europe. The other dif-

caurfe mentioned in the letter, I take to be The prac-

tical Max has, and the complete copy to be the Ma-
nuscript put into my hands, as far as Mr. Robins
had finijhed it : which, I believe, would have been

more complete, if he badfurvivcd any time longer : for

as there are
v
addedfome notes, fo there were vacant

fpaces

r
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Jpaces left, in order\ as itJhouldfeem, to receive more

notes / but death put a ftof to whatever he then farther

intended.

Of the Practical Maxims,' which' were not retii

before the Royal Society, there are many cop/'* abroad;

and I collated mine with two others : one+my friend

Mr. Glover furnifhed me with ; the other Mr,
Noursc, who had it fome years ago of Mr. Muller.

The varieties in the reading, Ifound to be very in-

confiderable.

This volume contains likewife Mr. Robins's New
Principles of Gunnery, as he printed it (for it is not

known, what is become of the many improvements, he

bad made in it) with the account, that was given of
it in the Philosophical Transactions. And I have

added an extrabl or twofrom his loofe papers, as alfo

his difcourfe on the height to which rockets afcend,

together with another on thefame fubjetl, written by

bis ingeniousfriend Mr. John Ellicott, fellow of the

Royal Society, and clock-maker to his majefty : a per-

Jon offtricl honour, wh oje inventions, in mechanics, and
reputation for exquifite workman/hip, in all forts of
movementsfor regulating time, are juftly celebrated, as

well inforeign parts as at home.

Mr. Vio\nx\^-difcourfe of the nature and advantage

of rifled barrel pieces, not having been communicated

to me, till almoft all this volume was. printed off • I
was obliged to give it there at the end, thoughfome-
what Out of its proper place.

All the difcourfes, that had been read before the

Royal Society, were to have been collecled, and dedi-

cated by their author to the late prince of Orange i
who had expreffed the higheft efleem for Mr. Robins,

and his writings, as I learn by a letter of a noble per-

Jon, dated the \3tb 0/ August, 1747, written from
the Hague to Lord Anson.
I mentioned before Mr. Robins having treated ^of

the geometrical part of his New Principles of Gun-
nery,- fo he bad conjidered the effecls of the air's re-

ftflanc* +
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J/Jlance in regard to/Jbif>-building, and the working of
veffels atfoa s but whatever he might havefet dawn tn

writing concerning thrfe> and other curious and ujeful

Jubjeclsy be carried along with him tp the Indies
; of

which I have not been able, during the many yeatj

Jince bis deceafe> to get the leajl information.

* JAMES WILSON.

London, May 20,
1761.
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AUTHOR'S PREFACE.
« i

AbouT a twelvemonth since^jxhad some inten-

tions of exhibiting a public course of Fortification

and Gunnery : and though, Fdfrcaspns not ne-

cessary to be here mentioned* I afterfc^rds de-

sisted from that design, yet, as . I had procfee^ed

so far as to distribute some manuscript copies o

the particulars, of which I proposed it to con-

sist, I have thereby been in some measure en-

gaged in the present undertaking.
•

For, as I had resolved to render this course iis

complete as I possibly could, both by large ma-

dels of different fronts of Fortification, and their

different attacks, and by an experimental exem-

. plification

* This sentence seems to allude to a circumstance not no-

Heed in the preceding account of the author's life ; viz. that

on the establishment of the Royal Military Academy at Wool-

wich, about that time, Mr. Robins was a candidate for the

office of professor of fortification in it, but which was con-
*

ferred on Mr. Muller. On which, it has been said that Mr.

Robins published his discoveries and improvements in Gun-

nery, to show, it was thought, what sort of a man had been

overlooked on that occasion. H.

A2
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plification of the precepts of Gunnery with real

Artillery, I found it necessary to insert under this

last head a theory of the force of Gunpowder,

and certain propositions relating to the resistance

of the air, which I had discovered, and confirmed

by experiments. But these principles being set

down in the schemes, which I delivered out as

assertions only, without any account of the na-

ture of the experiments made use of for proving

them, and being liable to great contestation, on

account of their inconsistency with all the re-

ceived opinions of the writers upon this subject,

I thought it incumbent on me to clear up in a

more particular manner any difficulties which

might have arisen about them, and to evince

their certainty by a number of unquestioned ex-

periments. And this has principally given rise to

the ensuing treatise, in which the force and va-

ried action of Powder is so far determined, that

the velocities of all kinds of bullets impelled by

its explosion may be thence computed, and the

enormous resistance of the air to swift motions

(much beyond what any former theories have

assigned) is likewise ascertained. And on these

principles it will appear that the original velocities

of bullets, when impelled by full charges of Pow-

der,
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t

der, and the track described by their flight, are

extremely different from what the writers on
x these subjects have hitherto supposed.

* r

As the principal disquisitions of the following

sheets relate to the force of Powder, and the

flight of shells and bullets, it may not, perhaps,

be unacceptable to the reader to peruse a few

particulars relating to the invention of Powder,

and the history and improvements of Gunnery,

and its sister art, Fortification
;
especially as the

nature and purport of what we shall hereafter ad-

vance will receive some kind of illustration, by

being compared with the opinions which have

formerly^revailed in these enquiries. And though

our immediate view is the promoting the theory

and practice of Gunnery, yet the present me-

thods of fortifying are so connected with the in-

vention and management of Artillery, (these arts

having in some measure given laws to each other)

that I presume a short recital of the rise and

changes of the modern military architecture will

not be impertinently prefixed to an account of

those powerful machines which first gave it birth.

With regard to the first invention of Bastions,

. - A3 there
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there are many opinions amongst authors, it being

as yet a point undecided in what place and at

what time they were first put in practice. Some

have attributed this invention to Zisca, the Bohe-

mian ; others to Achmet Bashaw, who having

taken Otranto in the year 1480, fortified it in a

particular manner, which is supposed to be the

first instance of the use of Bastions*. But these

are the positions of later writers. Those who

wrote on the subject of fortification near t\vo

centuries ago, seem to suppose that Bastions

were a gradual improvement in the ancient me-

thod of building, rather than a new thought, that

any one person could claim the honour of.-—

Pasino in particular, in the first part of his book,

imputes the changes in the ancient fortifications,

and the introduction of the modern forjn, to the

increased violence of the later artillery, without

pretending that it was effected at one time, or by

one person f. So that I believe we cannot with

certainty

* Vid, The commentary of the Chevalier Folard on Poly*

bius. Tom 3. pag. 2.

+ Vid. Discours rnr piusieurs poinds de VArudtecture de

Guerre concertianis les Fortifications, tant anciennes que mo-

dernesy &c. Par M. Aurelio de Pasino Ferrarois, architecte

de tres-illustre Seignettr, Momeigneur le Dttc de Bouillon.—

Printed by Plantin 1579. It appears by a copy of verses pre.

fixed to the book, that this author fortified Sedan.

Digitized by Google



1

-

THE AUTHORS PREFACE. 7

certainty affirm more in relation to the invention

of Bastions, than that they were well known soon

after the year 1500. For in 1546, Tartaha pub-

lished his Quesiti 8$ inventioni diverse, in the

sixth book of which he mentions, that whilst he

resided at Verona (which must have been many

years before) he saw Bastions of a prodigious

size, some finished, and others building ; and

there is besides, in the same book, a plan of

Turin, which was then fortified with four Bas-

tions, and seems to have been completed some

time before.

And though we cannot certainly assign the

time when the old circular Towers were first con-

verted into Bastions, yet in all probability it did

not long precede the date we last mentioned.

For in the same book, the prior of Barleta, who

was himself a soldier, esteems Turin to be im-

pregnable, and tells us that this was the general

opinion of all men of skill ; he likewise makes it

a question, if, in the fortifying of cities, the ge-

nius of mankind was not arrived at its utmost

limits of perfection ; which seems to evince that

the invention was a recent one, and that it was

greatly the object of the esteem and considera-

A 4 tion
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tion of his cotemporaries, as a new contrivance of

this kind would naturally be. ,

The first Bastions, such as those of Turin, of

4-ntwerp*, and others of the same age, were but

small, and removed at a great distance from each

other ; for at that time it was the universal prac-

tice to attack the Curtain, and not the Bastions.

But a few years after there were introduced Bas-

tions much larger, and much nearer together,

than what had been constructed before ; as
.
ap-

pears by the citadel of Antwerp, which was built

under the direction of the duke D'Afoa, about

1566, and which, by the frequent encomiums on

it in some early authors, seems to have been the

first instance of this improvement.

From this period, the modern practice of mili-

tary architecture may be supposed to have taken *

its rise ; most of the improvements of the present

* times being little more than the putting in use

such methods as were proposed within a few

years of this sera ; for many celebrated authors

flourished soon after, as f La Treille, Alghisi>

MarchL
* Antwerp was fortified about the year 1540, as we learn

from Speckle. Lib. I. chap. 10.

+ Vid. La maniere de fortifier Villes, Chasteaux, et fair*

autres
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i

Marchi, Pasino, and, above all, Speckle*, who

was one of the greatest geniuses that has applied

• to this art

r

}

The better to judge of the pretensions of the

moderns, and the merit of the systems of fortifi-

cation now in vogue, we must enter into a short

discussion of the various methods which have

been proposed for covering the Flanks, and con-
"

sequently for securing the Ramparts from the ap-

proach of an enemy. For if it be agreed that

the principal defence of a fortress is its Flanks,

the best standard to judge of the merit of any

system of fortification, is the manner in which it

provides for the safety of the Flanks, against the

efforts of the enemy.

Now the most usual contrivances for this pur-

pose have been Orillons, Ravelins placed before

the Curtains, HalfrMoons placed before the

points

autres Ueux forts : mis en Francois par 1c Seigneur de Bereil

Francois de la Treille Commissaire cn l'Artillerie. A Lyon

1556. This author was the first I have seen who proposed

the Retired Curtain, wJiich has since been published by others

under the name of the Re-inforced Order.

* Daniel Speckle was architect of the city of Strasbourg ; he

died in the year 1589. He published a treatise of fortification

m German, which was re-printed at Leipsic in the year 1736.

>
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points of the Bastions, and Contregards ; each of

which we shall separately consider, both as to

their use and antiquity.

The Orillon is as old as the Bastion, since in

Turin and Antwerp (mentioned above) there is a

lower Flank, which is cut out of the substance of

the Bast^n, and has thereby a shoulder of a con*

siderable thickness, to screen it from the Field*

Batteries. But,' besides this, the drawings of

Pasino, Speckle, &c. abound with Orillons of the

same form with those now used, the only differ-

ence being, that the modern ones are less massive

than the ancient ones. This invention has had

the good fortune to stand its ground in almost

every system which has prevailed, although it be

rather on the fame of the services it has formerly

done, than for any advantages the moderns have

received from it. For in ancient sieges it was

the custom for the besieged to have a retrench-

ment behind the breach, by which means the be-

siegers were obliged to lodge themselves on the

ruins of the breach, in order from thence to bat-

ter the retrenchment In this case the piece or *

pieces of artillery, which being covered by the

Orillon, could not be dismounted, were of wont

deffui
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derful service to the besieged ; and many instances

might be given, where the enemy have been hereby

so gauled, after they had lodged themselves in the

,
ruins of the breach, that they have desisted from

their enterprize. But as it is now no longer the

fashion to hold out after a breach is made in the

body of the place, and the ditch is near filled up,

we rarely hear in the present times of any great

feats performed by the Orillon.

The Ravelins placed before the Curtains, (or

Half-Moons as they are called in the modern sy-

stems) were intended to protect the Flanks from
4

cross shot, and to confine the batteries, which

should be raised against the Flanks to the oppo*

site part of the Counterscarp only, where they

would be more exposed to the besieged, and

more difficult to preserve. This invention like-

wise is nearly as ancient as the art of fortification,

it being to be found in great numbers of old

places, and in almost every old writer, and is still

continued in most fortifications.

But the ancient writers, whose principal care

was the securing of their Flanks, did not rely

solely on the advantages they received from the

last-

1
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last-mentioned invention. For though, by that

means, the Batteries for destroying the Flank

were confined to one place, yet they found, on

examination, that on that place the enemy would

have more room than was sufficient for erecting

of his Counter- Batteries, and therefore they added

Half-Moons before the points of the Bastions :

these were intended to possess the ground to

which the enemy's Batteries against the Flanks

were already confined, and thereby to render the

.construction of those Batteries still more difficult.

However, they did not completely answer this

purpose, and have been long since laid aside.

The intention of Contregards*, which are

likewise very ancient, is the same with that of

the Half-Moons last-mentioned ; that is, the pro-

tection of the Flanks, to which purpose (if pro-

perly constructed) they are most wonderfully

adapted ; for the enemy, in order to ruin the

Flank, must either plant his Counter-Battery on

the Contregard itself, which, if the Contregard

be of a proper profile, it will be impossible for

him to do, or he must demolish a part of the
•

Contregard

* Parino, whom we have mentioned above, claims the in-

vention of Contregards, though they were afterwards much

mended by Speckle. But the Contregards of this author were

not before the Bastions only, but surrounded the whole place.
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Contregard to enable his battery on the Contres-

carp to view the Flank, which is a tedious work,

attended with great hazard and difficulty. The

same inconveniency likewise attends him, when

he would batter in breach,
«

.
• *

But, notwithstanding the excellence of this in-

vention, it has been almost entirely neglected in

the modern system of a neighbouring nation.—

There have indeed been two or three places forti-

fied by the French, in which there are pieces

called by them Contregards, but fhey have no-

thing but the name in common with those we

here treat of. However, their experience of the

efficacy of this work at Turin may possibly have

induced them to think more favourably of it : for

I have lately seen them adding Contregards to

the old works of a very considerable frontier, al-

though it was before esteemed one of their com-

pletest places.

From all that we have said, then, it appears

that the covering of the Flanks was a subjectmuch

more attended . to by the ancient engineers, than

by those who have succeeded them ; and conse-

quently that the art of Fortification has not re-

Digitized by Google



14 THE AUTHOR'S PREFACE

ceived from the moderns those great improve-

ments which unskilful writers would sometimes

persuade us to believe : for, indeed, in the se-*

curing of the Flanks consists the greatest strength

of a fortress ; since, though alt the other de-

fences, by being exposed to the Field-Batteries

of the enemy, should be ruined, yet, as long as

the Flanks are entire, the Rampart of the place

cannot be approached by the enemy : and, there-

fore, since this circumstance hath been so little

heeded by some amongst the moderns, it must be

owned, that the true principles of this art have

been very imperfectly comprehended by them.—

For it has often happened, that they have dis-

puted about a few fathoms in the length of a

Flank, a Face, or a Curtain, or a few degrees' in

the magnitude of a particular Angle ; when at the

same time they have too much disregarded this

most important consideration of all, the screening

of the Flanks from the Batteries of the enemy.

But this neglect hath been sometimes owing to

the authority of erroneous maxims, one of which,

in particular, is, that* whatever sees, is itself

seen

;

* See this maxim urged with this view in Pagan's Fortifica-

tion, Chap. ir.
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seen; whence it has been inferred, that, if the

Flank can see the enemy, the enemy can ruin the

Flank with his batteries. Bat the fallacy of this

reasoning lies here, that the Flank, if properly

covered, cannot see the enemy when he is in a

situation where it is possible for him to raise bat*

teries, but only when he gets in a place where he

must be exposed to the fire of the Flank, without

having it in his power to return it. For instance,

a piece of cannon, covered by an Orillon in the

common manner, cannot be seen by the enemy,

till he is got over the greatest part of the ditch,

or is mounting the breach, in either of which

places it is impossible for him to raise a counter-

battery : and the more complete the artifice is by

which the Flank is screened, the greater will be

the space in which the enemy will be thus

exposed*

Other engineers have endeavoured to underva-

lue this art as ineffectual, and with this view they

have expatiated much on the force of the modern

methods of attack, and have declared, that no

place, how artfully soever constructed, can stand

before them. With these gentlemen it is a maxim,

that when the Contrescarp is once lost, the whole

contest

,
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contest is in a manner over, and they endeavour

to support themselves in this persuasion by the

. examples of places of great note, which have

,been reduced in a much shorter time than was

expected. If these opinions could be relied on,-

the greatest part of the money laid out in fortifi-

cations would be extremely ill employed ; since a

simple Rampart and a Contrescarp would fully

answer the whole purpose intended. But the

truth is, that when a place is well constructed,

and skilfully defended, the taking of the Con-
•

trescarp is but a small step towards the possession

of the place*. Indeed the rashness and precipi-

tancy of the director of the approaches hath of-

ten intimidated a weak and ignorant governor

;

but when the attacks have been thus eagerly

hurried on against a place commanded by a brave

and knowing officer, he has sometimes taken such

advantages of these incautious steps, as have made

them too fatal to be copied by any pretending to

prudence or humanity. By this means the easiest

enterprizes have been often rendered impossible,

* ^ and

* In the last memorable siege of Barcelona, the loss of the

Contrescarp (which was taken in a fortnight) did not deter-

mine the fate of the town, the great resistance being after the

body of the place was opened by sereral breaches.
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and the pretence of gaining a day or two has

qften occasioned the loss of the whole*.

Besides those inventions for screening of the

Flanks, which we have already mentioned, there

have b£en others proposed of a different nature,

which, by reason of their singularity, have been ,

less attended to; such is the constructing of a

Line, which should pass through the ditch, from

the point of the Bastion to the' opposite point of

the Contrescarp. This is mentioned by general

Montecuccoli, in his Memoirs, as a method much

less liable to exception than it appears to be at

first sight But though a Line thus constructed

will doubtless cover the Flanks from the view of

the batteries placed on the opposite part of the

Contrescarp, and is itself very defensible
;
yet I

have never heard of its being put in execution.

Another
* Many instances of the difficulties and hazards to which the

allies were often exposed in Fianders, during the late war,
•

may be seen in Lanchberg, who was then an engineer in the

service of the States-General : these accidents, according to

him, were generally owing to the presumption of the directors,

who, under the pretence of expedition, contracted the front of

their attacks, and thereby often left the enemy's works in

their rear, which rendered their progress next to impossible.

—

Vid. Nouvelle Maniere de Forf(/wr Its Places.

+ Vid. Meraorie del general Principe di Montecuccoli, pag.

116.
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Another way of securing the Flanks, is by in-

terposing the Entfing Angle of the Contrescarp,

(or of the Ravelin) between them and the coiin-

ter-batteries. This practice is described by £r-

rard of Barleduc*, and is by him said to be the

invention of the count of Lynar. And though

some authors, who were ignorant of the advan-

tages hereby proposed, have severely censured

the having any part of the ditch hidden from the

Flank, a circumstance which must necessarily at-

tend this construction
;
yet the greatest genius

who ever applied himself to the study of this art

has thought it worthy of his imitation, the cele-

brated fortress of Berghen-Op-Zoom having its

Flanks in part covered by this artifice.

But in a proper soil there is stiH a more effica-

cious defence than any we have yet mentioned ;

and that is by the means of Contremines. For,

supposing the fortifications of a place to be con-

structed with no more art than what is necessary
-

to
r

* Vid. La Fortification demontrce^ Lib. iii. Chap. ii. Be-

sides this invention here mentioned, there occurs in this au-

thor, the contrivance of placing a Gallery under tKf Covered-

Way, with loop-holes into the ditch, which is practised at

Tournay, but more completely at Berghen-Op»Zoom. Vid.

Lib. iv. Chap, yii,

i

9

I
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to oblige an enemy to bring his batteries on the

Glacis, when he proposes either to batter in
m

hreach, or to ruin the Flanks (which may be ef-

fected by a good Profile and a Ravelin before the

Curtain only.) If the soil be free from water t.

a considerable depth, it is always in the power of

the besieged to ruin the batteries of the ehemy by

their Mines, which may be repeated too a number

of times, in proportion to the depth of the soil

:

for these batteries being by supposition confined

to one situation, tjie besieged can always be pre-

pared for these operations before-hand, and would

have infinite advantages over an enemy who

should endeavour to dig them out
;
which, how-

• ever, in such circumstances, would be his only

resource.

The first successful application of the blowing*

of Mines in sieges, was in the kingdom of Naples;

where JPietro deNavarre, by this means, p^ssesse4

himself of a fort garrisoned by the French. But

the first celebrated use of these Mines, in oppos

ing the progress of the besiegers, was in the years

1666, 67, 68, at the siege of Candia; not but

they had been often practised in the defence of

places before, though in a less memorable man-

B 2 i*er

;

. «
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ner
;
for, by the assistance of this invention prin-

cipally, the city of Candia kept the whole ppwer

of the Ottoman empire at a bay for three years

successively. Since that time the advantages of

Contremines have been better understood. The

last eminent instance of their great usefulness was

in the defence of Turin, in the year 1706; for so

effectually were the besiegers traversed thereby,

that, after near four months of open trenches,

they were not in the possession of more than the

Contrescarp, and even there, eleven pieces of

their cannon were blown up by the defendants,

but three or four days before the place was re-

lieved.

i

Before I leave this head, I cannot but in jus-

tice mention the great improvement in the doc-

trine of Mines, which is contained in that excel-

lent Dissertation* annexed to the third volume of

the French Polybius. For nothing can be more

complete than the manner in which the different

stages of Mines are there distributed ; indeed the

form there assigned to the excavation cannot be

rigorously

i • . / , . * #i ... 'i t.

* This, in the preface, is said to be the performance of mon-

sieur de Valiere, Marechal des Gamps, and captain-general of

the miners.

p i i
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rigorously what the author seems to suppose

;

but this exception has nothing to do with his ge-

neral rangement of the Chambers, which is ex-

tremely well contrived for the husbanding of the

ground, and the annoyance of the enemy.
*

I have already taken notice of the defects in •

the writings of many of those who, amongst the

moderns, have undertaken to form systems of

fortification. But when I speak of these authors

and their copiers, I must at the same time avow

the superior merit of the great Coehoorn, who

was undoubtedly the ablest fortifier that ever the

world knew. This author has published two

treatises on this subject ; the first containing a

method of fortifying a Pentagon, to which is

annexed a project for the amending the fortifica-

tions of Coevoerden. In his second, he has pro-

posed three different manners of fortifying—one

applied to a Hexagon, another to a Heptagon,

and a third to an Octagon ; and he has besides

added the manner of fortifying that side of a for-

tress which happens to be contiguous to a river.

In this work he has particularly examined all the

possible attacks that can be formed against his

proposed places, thereby to evince the great su-

rf B 3 periority

*
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iperiority of his defences ; so that it is in some

^measure a discourse on the attack and defence of

places, as well as a system of fortification
;
and,

upon the whole, is the most excellent perform-

ance that has ever been produced on this subject

It was written in Low-Dutch, (the authors na-

tive language) but has been translated into both

French and English, but very imperfectly;

though in a new edition of the French transla-

tion, lately printed in Holland, many of the errors

of the former are amended, and some particular

passages are cleared up by the notes of the editor,

who seems to have understood his author very well.

I have been told by those who were well ac-

quainted with this great man, that his treatises

were far from acquiring him either the advantages

or reputation which he might reasonably have

hoped from them ; for that his cotemporary en-

gineers, wedded to their old road, decried him as

an unskilful, self-conceited pretender ; but that he

at last surmounted these effects of their envy and

prejudice, by his defence of fort William at JViz-

mur, when that place was besieged by the French;

after this, which established his reputation, he

rose apace to the greatest military commands,

' ' and

- *

*

*

«
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I

and immortalized his name by his conduct of the

aiege of Namur, under King William, and after-

wards at Bon, Limburg, the citadel of Liege, fyc.

And his death at the beginning of
#
the late war in

Flanders was a very great misfortune to the

allies; ofwhich almost every siege formed by them

after the year 1707 was a melancholy proof.
*

—

-

Besides being entrusted with the direction of
i

sieges, he was employed too in the repairing and

new-modelling many o£ the Dutch frontiers.—

His last work, which is left unfinished, was

Berghen-Op-Zoom, which will always do honour

to his memory. Though he is yet so little out of

the reach of censure, that I have heard military

men, even in that place, condemn, as imperfec-

tions, those very distances whence it de-

rives its principal defence.

Considering the great fame which general

Coehoorn acquired in real service, it is difficult to

account for the little regard which hath been paid

to his writings. The most natural reason I can

discover for this negligence, is the proneness

which we have always shewn for the opinions of

a neighbouring nation, who, whatever other good

B 4 qualities
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qualities they may have, were never famous for

doing justice to the merit of those who were of

another country, and were engaged in an interest

opposite to their own. However, I presume, his

reputation as an author is at present increasing.

For I saw, not long since, in one of the most

considerable frontiers belonging to France, a piece

of fortification carrying on, which was evidently

copied from the printed works of Coehoorn.

Though, with regard to the modern writers on

fortification, I cannot find another to place in the

same article with the great genius last mentioned,

yet there are two authors on the methods of at-

tacking and defending places, (a subject nearly

connected with fortification) who merit the high-

est applause ;—I mean Goulon and the Marechal

dc Vauban. 'the first, in a short treatise, entitled

Memoires sur VAttaque et la Defence des places,

in which he has very distinctly inculcate*! the

principal maxims necessary in those operations.

The other, in a work which he presented in ma-

nuscript to the late King of Finance, of which

copies getting abroaid, it was published four years

since in Holland. In this book Mr. Vauban has

very circumstantially described those parts of the

attack,

• •
.
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attack, which were more immediately of his own

invention ; such as the Batteries <) Recochet,

the Parallels, and a peculiar conduct of the Sap.

Not but that he has likewise given very ample

instructions on every other necessary head ; and

the whole must be owned to be a.very masterly .

performance, worthy of the experience and capa-

city of its great author.
*

It might, perhaps, be expected that I should

here mention with approbation the skill of this

last-mentioned engineer in the art of fortifying.

But as he has never written any thing himself on

this subject, that may excuse me from ranging

him in the list of authors. But to speak the

truth on this head, I cannot but believe, from all

I have hitherto seen of his works, that he was

much more, to be esteemed for his other talents,

than for the fortifications he has erected. For

though I have a very high opinion of his good

sense and discernment, I do not conceive that his

invention in this art was to be compared with

that of his cotemporary Coehoorn.
*

Thus much may suffice on the origin and vari-

ations of the present military architecture. We
must

<
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inw^t next discuss what is more immediately con*

nected with the purport of the ensuing treatise

;

J mean the invention of Powder and Artillery,

with their respective improvements, and the dif-

ferent theories they have given ri$e to.

The invention of Qunpowder is usually ascribed

to one Bartholdus Schwartz, a German Monk,

who discovered it, as is said, about the year

1320 ; and the first use of it in war is commonly

supposed to have been by the Venetians against

the Genoese about the year 1 380. But both these

suppositions are undoubtedly false ; for a compo-

sition resembling that which »we call Powder is

mentioned by Roger Bacon, as well known in his

time, and he lived near fifty years before Schwartz

;

and there are indisputably proofs of the use of

Artillery much earlier than the year 1 3S0.

Indeed, as the time of the discovery of salt-

petre is confessedly uncertain, it is not to be
i

wondered at, that ,the invention of Gunpowder

should be obscure and unknown ; for these two

discoveries are so connected, that it is difficult to

conceive how the first could be long known be-

fore the latter was found out.

* The
_

* m
# * *
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The -distinguishing property of saltpetre is the

prodigious increase of inflammability which it

produces in all burning substances, when mixed

with them; although alone rand unmixed it will

neither flame nor 'burn. For instance, saltpsfre

put into a crucible, and placed in the hottest fire,

will only melt, and grow red hot, but willineither

explode nor flame
; yet if any inflammable sub-

stance (sulphur, suppose, or coals) be thrown into

it, a violent blaze will be instantly produced, in

which a part of the saltpetre will be consumed in.

proportion to the quantity of the inflammable

substance which was put to it ; and & dike explo-

sion will take place if saltpetre be thrown .upon

any 'fire. Now it cannot be reasonably supposed

that this quality of saltpetre could be long un-

known after the substance itself was discqvered ;

for the accidental dropping of any small part of

it into the fire, would prove its prodigious explo-

sive power when mixed with burning bodies.-—

And this being ionce observed, it w^s thence ,^

very natural and obvious rthought Jo invent <a

composition of saltpetre mixed with any inftani- •

mable substance which would'bum moreviolently

than any known before: and our present Gun-
*"

powder
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powder is only the improvement and perfection

of such a mixture^

On this supposition, then, if we knew the time

when saltpetre first came in use, we might give

some guess when mixtures resembling our pre-

sent gunpowder were first invented. Now the

most general opinion on this head is, that salt-

petre was first discovered either by the Arabians

or the later Greeks, about the middle ages of our.

aera, when alchymy and chymistrjf were eagerly

pursued by both nations ; for its Arabic name is

said to be expressive of its explosive quality ; and

the Greek fires used in war by the later Greek

Emperors (if the effects attributed to them by

many authors are true) must have had saltpetre

in their composition.

Indeed some moderns (misled by a similarity

of name) have supposed saltpetre or nitre to have

been known to the ancients. But chymists are

now agreed, I think, that the substance men-

tioned by some ancient writers, and described by

Pliny, by the appellation of nitre, is a salt alto-

gether different from what we call saltpetre.

Now,
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Now, that the first invention of Gunpowder

(or of compositions resembling it) did long pre-

cede the time of Schwartz or of Bacon, and may

thence be reasonably supposed nearly coeval with

the knowledge of saltpetre, appears from Bacon*

himself ; for it is not a new composition which he

proposes, but the application of an old one to mi-

litary purposes. And from his words it plainly

appears that a mixture of saltpetre with other

substances was then vulgarly used for the making

• of recreative fire-works. And this appears yet

plainer from the treatise of Marcus Gracus, en-

titled Liber ignium^ ; for this author describes

two

* Bacon tells us, that sound like thunder, and lightnings

greater than those produced by nature, might be made by art

;

and this many ways, by which a city or an army might be de-

stroyed ; and he supposes it to be by an artifice of this kind

that Gideon defeated the Midianites ; and haying in another

treatise mentioned almost the same thing in different words, he

adds, Et cxperimentum kvjus ret capintus ex hoe ludicro puerili

quodJii in multis mundi partibus. scil. ut instrumento facto ad

quantitatem polliczs hurnani ex violeniia illius salts
,

qui Sal

Petr-s vocatur
t

tarn horribilis sonus nascitur in ruptura tarn

modicct rei, scil. modici pergameni, quodfords tonitrui execdere

rugitum
y

corruscationcm maximam sui luminis jubar cxcediL

Vid. Doctor Jebb's Preface to his edition of Bacon's. Opus

Majus. ; ,

+ This is a manuscript in the possession of Dr. Mead; but

what is here mentioned is quoted by the editor of Baron's

Opus Majus in the preface.

•
-
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two kinds Of fire-works, one for flying, and the

other for* making a report. The case or C<zr-

touche (Tunica) for the first he directs to be

made long and slender, and the composition to

be very close rammed ; the case for the second he

orders to be thick and short, to be strongly tied

at both ends, and to be but half-filled; and the

composition he prescribes for both is two pound

of charcoal, one pound of sulphur, and six pound

of saltpetre, well powdered and mixed together

in a stone mortar : and this will be allowed to be

a stronger composition than what great quantities

of Powder are every day made with. Now
though the age of this writer is not well ascer-

tained, yet it must have preceded the use of ar-

tillery ; for he does not in any place (as 1 can

learn) mention these compositions as used in war

;

and as he pretends not to be the inventor of these

serpents or crackers, (for such we should now call

them) nor speaks of them as recent', we may rea-

sonably presume they were in use long before his

time.

The first application of this mixture to military

affairs seems to have been soon after the year

1300. Bacon's proposal (which was about the

year
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year 1£80) to make use of its enormous explosion

for the defetracttotac of armies, might give the first

hint, which others might afterwards pursue.—

Schwartz, instead of being the first inventor of

Gunpowder, might possibly be one of the first

who thus applied it ;
and, indded, the common

account of the manner; in which he came at his

invention, very much favours this opinion* : and

perhaps the different improvements soon added

by others, or the prosecution of Bacons thought

in different places, may have given rise to the dif-

ferent dates assigned by historians for the first

use of artillery, '
.

Gdhpowder,

* The usual manner in which it is told is, that SchxbarU

having pounded the materials of Gunpowder in a mortar,

which he afterwards covered with a stone, a spark of fire acci-

dcntalTy flew into the mortar, and the explosion blew the

stone which covered the mortar to a considerable distance.—-

Now w c have proved that Schzcartz, who was a chymist, could

not discover the' composition by this means, beeause it was

commonly known before ; but he might from hence be taught

the simplest method of applying it in war: for Bacon seems

rather to have conceived the manner of using it to be by the

actual effort of the flame against the bodies it might meet with

in its expansion. The figure and name of mortars given to a

species of the old artillery^ and their employment, (which was

throwing great stone bullets at an elevation) very much corro-

borate this conjecture.

i

m -

*
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Gunpowder, for some time after the invention

of artillery, was of a composition much weaker*

than what we now use, or than that ancient one

mentioned by Marcus Grcecus ; but this, I pre-

sume, was owing to the weakness of their first

pieces, rather than to the ignorance of a better

mixtUre ; for the first pieces of artillery were of a

very clumsy, inconvenient make, being usually

framed of several pieces of iron fitted together

lengthways, and then hooped with iron rings;

and as they were first employed in throwing stone

bullets of a prodigious weight, in imitation of the

ancient machines to which they succeeded, they

were of an enormous bore. But the difficulties of

conducting and managing these cumbrous pieces,

and the discovering that iron bullets of much

less weight than stone ones would be more effica-

cious, if impelled by greater quantities of stronger

powder, soon occasioned an alteration in the mat-

ter and fabric of these first pieces, and gave rise

to what we style brass 'cannon, which, though

lighter

.
* Tule TartaleaXn his Quesiti £ Invention*, Lib. 3. Quesito

5. where there are set down twenty-three different.composi-

tions made use of at different times ; the first of which, being

the most ancient, contains equal parts of nitre, sulphur, and

charcoal.
m
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lighter and more manageable, were yet much

stronger in proportion to their bore
;
by which

means they would endure great charges of a bet-

ter powder than what had first been used ; and

their iron bullets, (which were from forty to sixty

pound weight) being impelled with greater velo-

cities, were more effectual than the weightiest

stones could ever prove*.

By

* The time when this change took place, and the advantages

arising from it, arc mentioned by Guicciardin, who, speaking

of the French army intended for the invasion of Italy, in the

year 1494, says,

Ft per unirsi con questo esercito erano state condotte

per mare a Gcnoua quantita grande d'artiglierie da batterc le

muraglie, Sf da usare in campagna, ma di tal sorte, die giammai

non haveva veduta Italia le simiglianti. Questa peste trovata

moir anni innanzi in Germania, fu condotta la prima volla in

Italia da' Venetian! nella guerra, che circa l*anno delta salute .

1 380, hebbono i Genouesi con laro, // nome dctle

maggiori era bombarde, le quaii, spursa doj)o questa invenlionc

per tutta Italia, s'adopcravano neW oppugnationi delle terrc,

alcune di ferro, alcune di bronzo, ma grossissimc, in modo che

per la macchina grande, Sc per Vimpeiitia de gti huomini, Sc

mala attitudine de gV instrumenti tardissimamente Sf con gran*

dissima difficult^ si conducevano, piantavansi alle terre co' wie-

desimi impedimenli, Sc piantate era daW un colpo all' altro tanto

inlervallo, che con piccoUssimo frutto, a comparatione di quelh9

che seguitb dopo, molia tempo consumavano, donde i defensors

tfc' tuoglii oppugnali havevano spatio dipolere otiosamente fare

di

- .V *\ •-?'!'
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By this means, powder compounded in the

same manner which is now practised by all Eu-

rope, came in use*. But the change of the pro-

portion

di dentro ripari # fortificaiioni Ma i Francesi/a£ri-

cando 'pezzi mdto piu espediti, ne cT altro che di bronze, i qiiali

chiamavono Cannoni, 6f usando palk di ferro, dove prima dt

pietra, Sf senza comparatione piu grosse 6$ di peso gravissimo

s'usavanoy li conducevano in tulle curette* Urate (non da buoi
y

come in Italia si costumava) ma da cavalli con agaUta tale (fwo-

miniy $ d'instrumenti deputaii a questo servijgio, cite quad sem-

pre al pari de gli eserdti camirurva.no , Sf condotte alle muraglie

erano piantaie con prestezza incredibile, et interponendosi daU%

un colpo all* altro piccolissimo intervallo di tempo, si spesso, Sf

con impeto si gagliardo percuotevano, che quello che prima in

Italia/ar* in raolti giorni si soleva, da loro in pochissime hore si

faceva. Vid, Guicciardin's History, L. 1. p. 24. 4to. Venet.

1562. What this author observes of the prodigious size of the

stone bullets used whilst the old pieces were in fashion, will be

better understood by knowing, that when Mahomet the second

besieged Constantinople , in the year 1453, he battered the

walls with stone bullets, and his pieces were some of them of

the calibre of 1200 pounds ; but then they could not be fired

more than four times a day.

* We learn from Tarlalea, that the cannon powder in his

time (polvere grossa moderna) was made of four parts salt-

petre, one part sulphur, and one part charcoal ; and the mus-

quet powder of forty-eight parts saltpetre, seven parts sul-

phur, and eight parts charcoal ; or of eighteen parts saltpetre,

two parts sulphur, and three parts charcoal. These composi-

tions for musquet powder are very near the present standard ;

the first having in one hundred pounds of powder about one

pound of saltpetre more than is at present allowed, and the se-

cond three pounds more.

*
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portion of the materials composing it, was not the

orjly improvement it received. The invention of

gracing it is doubtless a considerable advantage

to it; for powder at first was always in the form

of fine* meal, such as it was reduced to, by -grind-

ing the materials together. And it is doubtful

whether the first graining ofpowder was intended

' to increase its strength, or only to render it more

convenient for the filling iflto small charges, and

the charging of small arms, to whrch alone it was

applied for many years, whilst *meal-powder was

still made use of in cannon. But at last the ad-

ditional strength which the grained powder was

found to acquire from the-free passage of the fire

between the grains, occasioned the meal-powder

to be entirely l^id aside*.

The
*

* That powder was first used in meal, and that long after

the invention of graining it for the use of small arms,, cannon,

powder continued in its old form, are facts not to be contested.

Tartaka, in his Qjuccsiti, L. 3, Ques. 9 and 10, expressly as-

serts, that then the cannon-powder was in meal, and the mus-

quet-powder grained. And our countryman, William Bourne

in his Art or Shooting in great Ordnaunce, published forty

years after Tartaiea, tells us in chap. 1. that serpentine pow-

der (which he opposes to corn or grained-powder) should be

as fine as sand, and as soft asflour : and in- his third chapter

he says that two pounds \>f corn-powder will go as far as three

• pounds
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The formation of artillery hath been very little

improved in the last two hundred years ; the best

pieces now cast not differing greatly in their pro-

portions from those made in the time of the em-

peror Charles V. Indeed, lighter and shorter

pieces have been often proposed and essayed ; but

though they have their advantages, and are ex-

tremely useful in particular cfrenmstances, yet it

seems now to be agreed that they are altogether

insufficient for general service*. But though the

. proportions

pounds of serpentine-powder. Also Sir Henry Manicayringy

in his Seaman's Dictionary, presented to the Duke of Buck-

ingham in the time of Charle* I. under the -word poisder, tells

us, there are two kinds of poxeder, the one serpentine-powder,

tzhich powder is dust (as it were) without coming The other

is corn-pozzder ; though he informs us the serpentine-powder

was not used at sea. Indeed, when that book was wrote, I

believe, powder wa$ usually corned, for the foreign writers ou

artillery had long before recommended its general use.

* Since the time of Mr. Robins, lighter cannons, but of

wider bores, and consequently heavier shot, have been much

used, especially for the sea service Indeed Mr. Robins him-

self, some years after the above M as written, proposed to the

Admiralty a regulation of that kind, being the 8th paper in this

vol. at p. 279, &c. Those new pieces have been introduced

chiefly under the denomination of Carronades, a species of ord-

nance very shortcut of a large bore, and having little or no

windage. These were, at first introduced as pieces possessing

Some peculiar and mysterious qualities, by which, with little

powder, they could throw a very large shot to a great dis-

tance.
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proportions of artillery have not been much varied

within that period, yet its use and application

have undergone considerable changes, the same

ends being now generally pursued by smaller

pieces than what were formerly thought neces-

sary. Thus the battering-pieces, now universally

approved of, are the demi-cannons, carrying a

ball of twenty-four pound weiglit ; it being found,

by experience, that their stroke, though less vio-

lent than that of larger pieces, is yet sufficiently

adapted to the strength of the usual profiles of

fprtification, and that the facility of their carriage

and ^nagerneut, and the ammunition they spa*,

give them great advantages beyond the whole

cannons formerly employed in, making breaches.

The method too (now generally followed) of

formiug a breach, by first cutting off the whole

wall as low as possible, before its upper part is

attempted

tance. The fact is, the small degree of windage confines the

whole effect of the powder to the ball itself, which is in a great

measure lost in the old guns ; and the great weight of the shot

enables it much better to o?ercome the resistance of the air,

and.consequently to range the farther. And the hint of these

advantages and constructions was probably taken from experi-

ments made by myself in the year 1775, with Mr. Robins's

ballistic pendulum, and which were published in the Philoso-

phical Transactions of the year 1778. H.

C 3
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attempted to be beat down, seems alsb to be a

considerable rnodfcrn improvement in the poeti-

cal part of artillery: for I do not remember to

'have seen this procedure recommended by any

"anctent author ) and Gabriel Busca*; Whb

boasts much of his great experience, Expressly

directs the Contrary. Indeed Oottado mentions it

as the practice of the Turk$\, but it is without

"commending it, or proposing it as an example to

bt followed. ' ;
•

But the most important improvement In the

•'•* !• practical
t * i * +n m

* Vid. His Instruttione d& Bombardieri, printed at Cdrmag-

notu m 1584, cap. xxxrii. In which ptae he orders the breach

*lt» be began fft the Mpper part of the wall, and from thence to

be continued downwards.

+ Vid. Pratica Mnnualc di Artiglieria dal. Mag. Skgnor

Luigi Cotlado Hispano, Bettico, Nebrisense, printed at Venice

in the year 1586, cap. xx. where he says nellefattwni del

gran Tare* «

—

-*> sempre si adoperatio i pezzi —— da tagliare

*? mwrrtglie per, at totto ititsse transversalmante, et dipoi di alio

in 'baaso a perpcjuticAitO) Jf appttcandoti pot tutti a im tratto i

'bmilhchi^ am the fanno cascar giu quclla parte di mvragUa eke

era ga\ tagliafa. 'Fhis book hene quoted was composed and

published in /Mfoi/v»Wiough the author was a Spaniard. fitt

he served as an engihew in the Spanish army in Italy. And ho

teHs us In his preface, that be soon intended to re-publish it in

Spanish; which last edition is, I presume, what is quoted by

Blondely in his Art de jctter les Bombes.
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practical management of artillery (for of the sci -

entific part we shall treat by itself) is the method

of firing with small quantities of powder, and

elevating the piece so that the bullet, in its de-

scent, may just go clear of the parapet of the

enemy, and drop into their works. By this means,

the bullet coming to the ground in a small angle,

and with a small velocity, it either bounds or

rolls along in the direction it was fired in
;
and,

therefore, if the piece be placed in a line with the

battery it is intended to silence, or the front it is

to sweep, each shot rakes the whole length of

that battery or front, and has thereby infinitely

more chance of disabling the defendants, and dis-

mounting their cannon, than it would have, if it

was fired against the same works in the common

manner* This disposition of artillery, which is

indeed a most useful one, is the invention of th$

Marechal de Fanban, and is by him styled Bat-

terie h ricochet*, and was first put in practice at

the siege of Aeth, in the yearf 1692

After

* Vid. his book De VAttaque et la Defence des places.

+ Vid. the Journal of this siege, printed at the end of the

last edition of GxtulohU Memoirs.
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After this brief recital of what lias been done

in the mechanic part of Gunnery, we must next
»

mention thedifferent theories whichhave been from

time to time advanced in relation to the motions

pf;shclls $ud bullets; in which enquiry we shall

nqt, indeed, find many things worthy of appro-

bation, or even of attention
;

but, however, as it

is atheirie in some, measure connected with the

subject of :the.following treatise, we must beg the

readers indulgence. f •
•

The :fot author I liave seen, who has pro-

fessedly, .written, on the flight of cannon-shot, is

Tartalea^, a celebrated Italian mathematician,

famous far having invented the;method of solving

cubic jexjuations, which is usually ascribed to

Cardan.. This author, in his Nova Scientia,

piintedat Venice in the year 1537, and after-

wards., in his Quesiti ct Inventioni divcrsi>

pi intcd.at, the same place in 1546, has professedly

discussed several particulars relating to the theory

of these motions. And though the then imper-

fect styte of mechanics furnished him with very
-

fallacious principles to proceed on, yet he was not

altogether unsuccessful in his enquiries ; for he is

supposed to be the first who asserted that the

greatest
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>

greatest range of projectiles was at an elevation

of 45°. He likewise determined (contrary to the

opinion of practitioners) that no part of the track

described by a bullet was a right line, although

the curvature was in some cases so little, as not to

be attended to, he comparing it to the surface of

the sea, which, though it appears to be a plain,

when partially considered, is yet undoubtedly in-

curvated round the centre of the earth. He also

assumes to himself the invention of the gunners

quadrant, and has often given shrewd guesses at

the event of some untried methods which were

proposed to him. i But as he had never been con-

versant in <•the practice of artillery, but founded

his opinions on speculation only, almost all the

writers who succeeded him wfere perpetually carp-

ing at iJmn, though often without naming him
;

of*whibh inany examples might be given, frdm the

works of Busca, Collado*, Ufano^ Siihienotvicz,

• ' ' »* • ' r {%
i • . < » .

>

4
( a<. i -I 1 »

:

* CoOado, cap. IxKi. denies that Tartaka was the rfirenttti of

the gunnels quadrant, and quotes Daniel Sanlbech, or Regio-

montanus ([for he confounds them) as having known it many

years before. But the truth is, that Santbeck's book, from

whence Jiis quotation is taken (Problematum Astronomicorum

4* Geometricorum sectiones septem) was not printed till the year

1561, which was long after TartaUa. Nor did Santbech,

though he talks of the different elevations of artillery, know

the method of framing a quadrant proper for his purpose.

-
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8cc* And the philosophers of those times often

intervening in the questions hence arising, there

were hereby many disputes on motion set on foot,

(especially in Italy) which continued till the

time of Galileo, and perhaps gave rise to his ce-

lebrated dialogues on motion, which were first

printed in the year 1638* And in this interval,

or before the doctrine of Galileo was established,

many theories of the motions of military projec-

tiles, and many tables of their comparative ranges

at different elevations, were published ; all of them

egregiously fallacious, and utterly irreconcileablc

with the motions of those bodies, although some

of them were the labours of such who had spent

the greatest part of their lives in employments

relating to the artillery. Such were the tables of

Ufanvy of Galeus, of UlPick, <§r, taken notice of

by Blondel* : to which might be added many

more not mentioned by that author. Indeed

there have been very few ancient writers on this

subject (and they ate a numerous sect) who have

not indulged themselves in some speculations oh

» » .•<#».. inc

* Note, the opinion discussed by Blondel, in his Aft dejet-

ter les Bombcs, cap. v. is not originally of Rivallius, whom

Blondel quotes for it, but of the last-mentioned Sanlbech,

from whom Rivattius stole it Vid. Sanlbech, sect. 6.
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the tiiflfereface betwixt natural, violent, and mixt

ttiotfans; although in the application of these

ttrifctaktfn nations scarce any two of them agreed.

But tyhat U modt strange, is, that^ during these

contests, «0 few of those who were entrusted with

the charge of artillery should think it worth while

to exartjiiie' their respective theories by proper ex-

perirnents. However, thus it has happened ; for

I do not remember to have met with more than

four authors who havfe actually tried the ranges

of shot and shells at different elevations. The

first of these is Cellado, who has given us the

rahges of a falconet carrying a three pound shot

to each point 6f the gunner's quadrant : but,

^fiPOm his numbers, it is manifest that the piece

was not charged with its customary allotment of

powder*. The next is our countryman, Boumt,

in

* The result of his trials was, that the point blank shot ex.

tended 268 paces. At an elevation of one point (wfcich is the

twelfth part of the quadrant, or' 7 \*) the range was 594 paces ;
4

at am elevation of two points, the range was 794 paces; at

three points, &54 paces ; at four points, 1010 paces ; at fire

points, 1040 paces ; and at six points, 1053 paces. The range

at the seventh point tell between those of the third and fourth ;

at the eighth point it fell between the ranges of the second and

third; a* die ninth point it fell between the ranges of the first

and
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in a treatise printed the next year after Collado.

His elevations were not regulated by the points

ftf the gunner's quadrant,-but by dejgrees ; and he

ascertains the proportion between the ranges at

different elevations, and the extent of the point

blank shot*; But he has not informed us with

what piece he made his trials
;
though, by his

proportions, I presume it must have been a small

one. It were to be wished that he had, set down

this circumstance ; for we shall hereafter shew,

that the relation between the extent of different

ranges will vary extremely, according to the velo-

city and density of the bullet. The -.pther two

which have occurred to me are Eldred and An-

dty%son
y
both Englishmen ; the last pf these hav-

ing vitiated his experiments by his too great at-

i tachment

and second j at the tenth point it fell between the point blank,

distance and that of the first point ; and at the eleventh point

it fell very near the piece. Vid. Cap. Ixi. And note, that the

paces used by this author arc not geometrical paces, but com-

mon steps, as he informs us Cap. xiiL > ;

* If 1 represents the extent of the point blank shot, then,

according to this author, the range at 5° will be at 10° it

will be Sj-, at 15° it will be
4-J,

at 20° it will be 4£, and tha

greatest random will be 5£ ; which greatest random, he tells

us, in a calm day is at 42° ; but according to the strength of the

wind, and as it favours or opposes the flight of the shot, it may

be from 45° to 36°. Fid. His art of shooting* in great ord-

naunce, Cap. vii. II.
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tachment to an erroneous theory, I shall have

occasion to mention him hereafter. But Eldred*

deserves a better character: his principles were

sufficiently simple, and though not rigorously

true, they were, within certain limits, near the

'truth. He has given us the actual ranges of dif-

ferent pieces of artillery, at small elevations, all

under ten degrees. His experiments are nume-

rous, and appear to be made with great care and

caution; and he has honestly set down some

which were not reconcileable to his method
; and,

upon the whole, seems to have taken more pains,

and to have had a juster knowledge of his busi-

ness, than is to be found in many of his practical

brethren ; for they have been generally too much

attached to some incorrect theory, or to the

common usage which they have always followed,

to think of extending their art by proper experi-

ments, or, indeed, to conceive that it was not al-

ready complete; it would otherwise have been"

impossible that positions so little to be reconciled

with experience should have held their, ground

so

* His book is entitled the gunner's glasse, and the

experiments he relates were most of them made at DoverXas-

tUy of which place he was many years master-gunner. The

earliest date I find to any of his experiments is 1611, but his

book was not published till 1646.
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so long as they l^ve dqne; a remarkable instance

of which is the doctrine which has taken place

in this subject since the time of GaiileQ.

Galileo printed his dialogues, on nation in the

year 1638, as we have already observed ; and in

these he has pointed out the general laws ob-

served by nature in the production a^d composi-

t>Q& of motion, and was the first who described

the action and effects of gravity on falling bo-t

dies ; and ori these principles be determined that

the flight of a caanon-$hot, or of any other pro-

jectile, would be in the curve of a parabola, un-

less so far as it were diverted from that track by

the resistance of the air : and what inequalities

would thence arise, he has proposed the means of

examining; for he has described a method of

discovering what sensible effects that resistance

would produce in the motion of a bullet at §om,e

given distance from the piece.

When Galileo had thus shewn, that, indepen-

dent of the resistance of the air, all projectiles

would in their flighf describe the curve of a para-

bola, it might have been expected, that those

who came after him would have tried how far the

real
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real motions of projectiles deviated from a para-

bolic track, in order thence to have decided whe-

ther the resistance of the air was or was not ne-

cessary to be attended to in the determinations of

gunnery. But, instead of this cautious proce*

dure, the subsequent writers on gunnery have

boldly asserted (without an experimental exami-

nation) that no considerable variation could arise

from the resistance of the air, in the flight of

shells or cannon-shot ; supporting themselves in

this persuasion chiefly by the consideration of th$

extreme rarity of the air, compared with the dense

and, ponderous composition of those projected

bodies. And hence (this maxim of the inconsw

derable elfects of the air's resistance to the mo^

tion of shells and bullets, being continually re-

peated and copied by succeeding authors,) it is

now become an axiom almost generally acqui-

esced in, that the flight of these bodies is nearly

in the curve of a parabola.

• _

For in the year 1674, our countryman, Ander-

son, published his treatise of the genuine use and

tfftcts of the gun, in which he proceeds on the

principles of Gqlileo, and strenuously asserts the

flight of all bullets to be in the curve of a para-

bola;
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bolaj undertaking to answer all objections that

could be urged to the contrary. And in the year

1683, Monsieur Blondel published at Paris

IIArt dejetter les Bombes, where the doctrine

of Galileo is likewise applied to the motion of

shells and bullets of all kinds ; and the variations

of this doctrine, which can arise from the resist-

ance of the air, are particularly mentioned ; and,

after a long discussion, the author concludes, that

they will be so^very minute, as scarcely to affect

the accuracy of his conclusions*. Also the same

subject is treated of in our Philosophical Trans-

actions t, by Dr. Halley, who, swayed by the

consideration of the very great disproportion be-

tween the density of bullets and of the air, thinks

^reasonable to believe that the opposition of the

air to large metal shot is scarcely discernihld;

although in small and light shot he acknowledges

that it -ought and must be accounted for.

In consequence, then, of these opinions about

the inconsiderable effects of the air's resistance on

heavy shot, and the demonstrations of Galileo,

that

* Vid. page 345 of the first quarto edition, at the bottom ;

also page 355, and following.

+ Vid. No. 216. p. 68.
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that all projectiles moved in the curve of a para-

bola, if they were not disturbed by that resist-

ance^ it : is now an opinion generally advanced

by the- writers on the theory of Gunnery, that

the flight of shot and shells is nearly in the curve

of a parabola ; for the truth of which, we may

appeal to the professed authors qn this subject,

who have wrote within the last forty, years.

1. " i't' 1 > ''j *

'

But though this hypothesis went smoothly on

with those -who contented themselves with spe-

culation only, yet Anderson, who made a great

number of . trials, found it impossible, to support

it without some new modification. . For though

it does not appear tr#t he ever examined the

comparative ranges of either cannon or musquet-

shot, when fired with, their usual velocities $ yet

his experiments on the ranges of shells thrown

with small velocities ;(in respect of those last men^

tioned) convinced him that their whole {rack was

not parabolical,! as appears by his treatise, inti*

tuled, To hit a mark, published in the year \6Q0*

But instead of making the proper inferences from

hence, and discovering the resistance of the air

to be oif considerable efficacy, he, from his great

attachment to his .first opinions, framed a new

D hypothesis,
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hypothesis, which was, that the shell or buUe^ at

its first discharge, flew a certain dfctAhefc in a

tight lifcfc, frota the end of which lifte tfnly it be-

gan to tend into a parabola. And this right

tide, which ht calls the line of the Unwise dpthe

fi*e, he supposes tx> be the same in all sievatiotw,

By this hypothesis (though an indefefcribte owe)

it was alwaya in his power, by assigning ft proper

magnitude to this line of impulse, to reconcile any

two shot made at- different, angles, however oppo-

site they might prove to the <com*non principles.

But e<teh this new-modelled theory was ao^> I

fc&ietfe, e6n4rmed by his following exfgrhntttts

;

for he; h^s no whew ventured to give usskperi-

rnents of three ranges made at th*ee diflferefct ;ele*

vations with the same quantityof ftowder': as

findiftg, T presume, that tfeough bf this scheme

he could reconcile two japring Tarfges, the imguh

ferities Of- three tfere insurtn^ntebie. -ibid if

such- inequalities were produced by the resistance

of the air in the motion of a shell impelled from

x mbrtar by an inconsiderable quantity of pow-

der, what rnky not the action of tSae air be sup-

posed to effect in the motions of buildto, which,

bfcmg hhpdted by a futl charge of powder ffln-ough

a rriuch longer cylinder, Widve periiaps three or

: v 1 - four

a •

*
*

t

• m
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four times as fast, and consequently undergo near

fifty times the resistance, as will be more particu*

ia% evinced hereafter.

That the resistance of the air, which acts with

such prodigious poUrer on all swift bodies, should

be entirely unattended to by the practitioners in

Gunnery is not the only remarkable circumstance

which occurs in this enquiry ; for after the pub*

lication of Sir Isaac Newton's Philosophic* N&*

turalis Principia Mathematica, it might have

been expected that all mathematicians should

have been convinced of its' energy ; since in that

immortal work the law and'quantity of this re-

sistance to slow motions is determined, and con*

firmed by many experiments. Indeed the same

Jaw, when extended to swift motions, will be de-

fective, and will exhibit the resistance greatly

short of what it really comes out by experiment,

(of which Sir Isaac Newton himself has given us

warning* ;) yet, even upon his principles, it would

appear that the action of the air on bullets is by

far too considerable to be neglected. But, not-

withstanding this obvious proof of the necessity

of

* VM. Phil. Nat Prin. Math. p. 351. 1. 17.

D 2
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of considering the action df the
%
air on military

pf&jectiles, I can recollect but-one instance where

any computations founded on Sir Isaac:New£pn*s

doctrine, have been applied to these motions*.
... •

; i •

r ' f . - - ' - ^ j. '

To sum:up now at once, all cohere intend to

observe on this? head, It appears that- themodem
writers on :the axt of Gunnery have- Ijeen very

much deceived^ in supposing She resistance of the

air to be inconsiderable, and thence asserting,
i

.'. .*

.

*' \ i ' that

» Vid. Comm. Acad. Pcfrop. Tom; 1 p. 338. 339.

+ Be^des thex>bservations of Shr I. Newton, above noticed, on

' the resistance of the air to projectiles, and tbe path they describe

through it, other philosophers likewise, and after him, have

made some remarks on the same subject. Hftygens has shown,

that if the resistance were proportional to the velocity of the

moving body, the path described would be a kind of logarith-

mic curve ; but that law of the velocity has no place in nature

;

the true law being as the square of the velocity in slow mo-

tions, and in a much higher degree in swift ones. The pro-

blem was proposed in 1718, by JDr. KeiJ, to Mr. John Per-

noulli, who gave a kind of solution to it ; another was also

given in Herman's Phoronomia ; and a third by Dr. Brook

Taylor:, but these solutions were not adapted to practical

uses, and their authors did not suspect, the resistance of the air

was any thing like so great as it really is. But M. Dan. Ber-

noulli has «hown, in the Petersonrgh Commentaries, vol. 2,

that the resistance of the air has a very great effect on swift

motions, such as those of cannon balls ; and particularly con-

cludes, from experiment, that a ball which ascends only 7819

feet in the air, would have ascended 58750 feet in vacuo. H.
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that the ^track of shot and shells of" all .kinds, is

nearly in the curve of a parabola ; that by this

means it has happened, that all their determina-

tions about the flight of shot discharged with

considerable degrees of celerity are extremely er-

roneous, and consequently that the present theory

of Gunnery, in this its most important .branch, is

useless and fallacious.

• - •

Now, to obviate in some degree these imper-

fections in this art, we have undertaken, in thq

second chapter of the ensuing treatise, not only

to confirm what we have here asserted, relating

to the falsity of the parabolic motion of these

projectiles, but likewise to ascertain the actual

degree of resistance which every shot undergoes

according to the velocity with which it moves ;

whence, as the velocity with which the bullet

issues from the piece is easily known by the prhv

ciples delivered in the first chapter, the delinea-

tion of the track passed through by the bullet,

hereby becomes a geometrical problem, which;

indeed, in its utmost -extent, is ©f a very compli-

cate and operose kind.; : but in the- instances

which are most freqnent in practice,) it admits of

$ome very easy approximations, which enable us

D 3 readily
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readily to compare the actual ranges of bullets

with thp result of this theory.

And though such as examine the following

treatise with attention, will not, I believe, enter-

tain many doubts of the certainty of the determi-

nations therein contained, yet it might have been

expected, perhaps, that the accuracy of those

principles should have been still more irrefragably

established by experiments on the real ranges of

pieces, compared with computations founded on

this theory : and, indeed, I did once intend to

Jiave added a chapter with this view ; but two

reasons have diverted me from this design. The

first was, the difficulty I found in ascertaining

the extended ranges; a difficulty which none

LU »

Mlmi

satiie kind can be judges of. The second reas6n

was an irregularity which . intervened in these

ranges, and which rendered all my erideavours

fruitless ; for the saitie piece, at the same eleva-

tibn, would convey the bullet to very distant

places, so that no two trials agreed with each

other ; as I have more particularly recited in the

7th proposition of the *d chapter.

"< •,it'J . »
. . ,

• But,
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Bpt, notwithstanding the&e difficulties, which

have hindered me from inserting in the following

treatise such experiments on the ranges of shot as

might corroborate the theory of resistance there

delivered, I have yet resolved to pursue this sub-

ject; and I Matter myself that I have invented

a method of preventing the lagfeipentioocd ine-

quality from taking pl*ce, which unless it.cw be

dope, it is sufficiently obvious how fruitless all

experiments pf this kind must prove. The result

pf ipy ftiture trials on this head I intend for a se-

cond part to thi$ treatise ; in which, besides these

experiments on the track described by the flight

of bullets, and the necessary geometrical deternii-

nations with whish they must be compared, I

propose to insert many other experiments, which,

though of a mi3ce#aii6pus fixture, are yet all of

them connected in some 4eg?ee with the theory

or practice of Gunnery. Irfiall sw^:(p ttys

second part many maxims antf practice! precepts

which will arise from the preceding principles,

and will, I hope, be of so*e wasequepc* in the

future management of ^rtillefy, A considerably

part of this second work I h^ve already by joe,

is likewise an apparatus purposely; wtentfed fpr

completing it. But those e<pwwfe which arc

~ ;D4 yet
»
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yet wanting, will require great leisure and a pro-

per season to execute.

As the following sheets, besides the determina-

tion of the quantity of the air's resistance, do

likewise contain the theory of the force and ac-

tion of powder, it may perhaps be expected that

I should give some account of what preceding

authors have advanced on this subject. But all

I have ever met with on this head hath been so

vague and indistinct, that it is often difficult to

determine the true meaning of the writer; The

most intelligible hypothesis on this head, and

what seems, indeed, to have, been the original of

all the others, is that of Monsieur de la Hire.
* t' .

In the history>of the French Academy of sci-

ences for the year 1702, Monsieur de la Hire has

supposed that the force of powder may be owing

to the increased elasticity of the air contained in

and > between the grains, in consequence of the

heat and fire produced at the time of the explo-

sion. Now, if this air, to whose augmented

spring the violence of gunpowder is imputed, be

in its natural state at [the time >vnen the powder

is fired, (and surely what is in the intervals of the

'•'

1 grains.
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*

grains must be allowed to be so) the greatest ad-

dition its elasticity could acquire from the flame

of the explosion would not amount to five times

its usual quautitv, as we ^hall more particularly

evince hereafter*; that is, it* would not suffice

for the two hundredth part of the effort which

we have found to be xerted by fired powder.

:
. ; -

I * to vr*k ' -i '

'

"i ..'
.

'

However; this hypothesis hath given rise to

many dissertations and treatises in a neighbour-

ing nationf, and one author in particular con-

ceives lie has made a very reasonable postulate,

in supposing the elasticity of the air, when heated

by the explosion of the powder, to be only a

hundred

* Vid. Prop. V. Cap. I. of (he follomng treatise.

+ M. John Bernoulli proved that the air in gunpowder is

not in its natural, but in a very compressed state ; and particu-

larly that such air is at least 100 times denser than natural air

:

far short of the truth. And M. Papin, in the Philos. Trans,

has shown, by experiment, that saltpetre contains a very elas-

tic matter, in which the strength of the powder consists ; and

that in 6 grains of powder there is at least one grain of pure

air, in a very compressed state ; which is also far short of the

truth. On the other hantf, M. Dan. Bernoulli, in his Hydro-

dynamy, treats pretty fully on the force of gunpowder, in the

10th section ; and in particular asserts, that the elastic force of

the air contained in the powder, is more than ten thousand

times greater than that of natural air ; which is about six or

•even times more than the truth. H.
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hundred times greater than when it is heated to

the degree of boiling water. But, as I think X
s

have shewn the impossibility of accounting for

the actual force of power on these principles, I

will not detain the reader any longer with a paiv

ticular recital of the speculations of these different

writers
;
especially as I flatter myself that I have

established that theory of the force of powder

which is contained in the following sheets, by

such decisive experiments, as will render a formal

confutation of any other opinion unnecessary.

lit 4 l . « I NEW
• i . , ..... >

*. . .i *
: ' .! ,

-
- i i • >

-
'

,

» * • • m '* - - .-•
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PRINCIPLES

OF

GUNNER Y.
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»

CHAP. I.
• * *

Of the Force of Gunpowder.

PROPOSITION I.

Gunpowder, fired either in a Vacuum or in Air9

produces by its Explosion a permanent elastic

Fluid.

Ira red-hot iron be included in a receiver, and
the receiver be exhausted, and gunpowder be then
let fall on the iron, the powder will take fire, and
the mercurial gage will suddenly descend upon the

explosion ; andthough it immediatelyascends again,
yet it will never rise to the height it first stood at,

but will continue depressed by a space propor*
tiojied to the quantity of gunpowder which was
let fall on the iron. This is a well-known experi-

ment, and is circumstantially described by Mr,
Hauksbee, in the Philosophical Transactions, No.
2Q5 ; in which place he tells us, that he by thU
meaqs (firing small quantities at a time) reduced

the gage from 29^ inches to 12|> Now this ex-

periment, which has been often repeated, proves

the proposition with respect to the production of
£ permanent elastic fluid in a vacuum ; for the de»

ecent of the gage could only be effected by the

pressure of wwne new generated fluid in the re-

ceiver,

*
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60 NEW PRINCIPLES
ceiver, balancing in part the pressure of the exter-

nal air. That this fluid, or some part of it at

least, was permanent, appears from what Mr.
. Hauksbee relates in the same place ; that though
the quicksilver ascended after the operation, yet it

next day had ascended no higher tnan to 22-i> at

which place it seemed to continue fixed^ And that

this fluid is elastic, is proved from the descent of the

mercurial gage; since the quantity of matter con-

tained in this fluid could not by its gravity alone

have sunk the quicksilver by the least sensible quan-
tity ; also; from its extending itself through any
space, however great ; the experiment succeeding

in either a large or small ^rcceiver ; only the larger

the receiver, the less will be the descent of the

mercurial gage to the same quantity of powder,
the pressure of the generated fluid ^diminishing as

its density diminishes.

The same production likewise takes place when
gunpowder is fired in the air

#
; for if a small quan-

tity of powder be placed in the upper part of a
glass tube, and the lower part of tne tube be im-
merged in water, and the water be made t6 rise so

near the top, that only a small portion of air is left

in that part where the gunpowder is placed ; if in

this situation the communication of the upper part

of the tube with the external air be closed, and the

gunpowder be fired (which may easily be done by
a burning-glass) the water will in this experiment
descend on the explosion, as the quicksilver did

in the last, and will always continue depressed be-

low the place at which it stood before the explo-

sion; and the quantity of this- depression will be
gf&ttetf, if the quantity of powder be increased, or

the diameter of the tube ber diminished. From
Whence it is proved, that, as well in air, as in a
Wcuum, the explosion of fired powder produces a
Permanent elastic fluid,

SCHOLIUM.
* Vid. Hauksbee Phys. Mechan. Exper. page 81.
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SCHOUUM.

It has been known, £ver since the time of Mr»
Boyle, fthat many substances in feranentation and
other- cfaymical operations, produce elastic fluids

analogous in some of their effects to the common
air. It is likewise known that other, mixtures will

in many cases absorb a part of the air contiguous to

then\; ,in particular, jt is pbserved-that aJJ- burning

bodies, and all sulphureous fun^s, destroy greaft

quantities: of air, either bj? absorbing it into their

own substance, or at least by depriving it of its

elasticity. This creation and consumption
:
of itijc

in chymjcal processes, . has bqen lately njost diHr

gently, a^itj, successfully ^x^cnined by^fche reverend

Mr. Haies, in his Vegetable &&i<!ft > ,And..m
these principles it follows^- that, jnvfli&Aast:

ment, th^sulphureous.furnies, arising from the burn-
ing of the .charsQal ^brimstone,; contained in

the powd#> P)ust spQp absorb son^e of the air in

which the
.

powder is fir#d ; for which refison it is

necessary that the bulk of the air, wWh the pow-
der is placed in before? it is fired, shofcUi bear as

small a proportion as possible; to the quantity of
powder ; so that the success .of the^ejiperifnent

may not be disturbed by the absorbed, air ap-
proaching to 'an equality with the generated fluid.

There is, besides, another reason, that, when
powder is fired in the mannerj pf the last experi-

ment, the bulk pf the air in which it is placed

phould be ,a$ little as possible ; which is, that the

fire, at the instant of the explosion, will greatly

augment the elasticity of that air, and the pressure

arising from this increased elasticity, being added
to the force of the generated fluid, will endanger
the bursting of the tube.

„ > PROP.
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PROP. II. .

To explain more particularly the Circumstances
: attending the Explosion of Gunpowder, either

in a Vacuum or in Air, whenfired in the Man*
ner described in the Experiments of the last

Proposition. *:

When any considerable quantity of Gunpow-
der is fired in an exhausted receiver, by being let

fall on a red-hot iron, the mercurial gage instantly

descends upon the explosion, and as suddenly

ascends again ; and after a few vibrations, none of
which, except the first, are of any great extent, it

seemingly fixes at a place lower than where it

stood before the explosion; and .this stationary

point is what we have always attended to in our

experiments. But even when the gage has ac-

quired this point of apparent repose, it still conti-

nues rising for a considerable time, although by
such imperceptible degrees, that it can only be

discovered by comparing together its place at dis-

tant intervals; however, it Will not always continue
to ascend, but will rise slower and slower, till at

last it will be absolutely fixed at a point lower than

where the mercury stood before the explosion.

The same circumstances nearly happen when
powderis fired in the upper part of an'unexhausted
tube, whose lower part is immerged in water.

Now these appearances all arise from the differ-

ent modifications which the fluid, produced from
the explosion, undergoes. The first sudden descettt

of the mercury is effected by the action of that

fluid, while in the form of flame. When the flame

is extinguished, and consequently the heat of the

fluid is diminished, its elasticity is likewise dimi-

nished ; and this being effected in a very short

time, occasions the sudden rise of the mercury after

the

1

i
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the firttdescent When the fluid is reduced to the

temperature of the containing receiver, its elasticity

is then more fixed and invariable ; and this must
usually happen by the time the mercurial gage first

appears to be stationary. The subsequent slow

ascent of the mercury ts partly owing to the de+

crease of the heat of the receiver, occasioned by
the cooling of the hot iron contained in it, but

i$uch more to the action of the sulphureous Hunes

of the brimstone and charcoal, which absorb a part

of the generated fluid, and thereby diminish its

pn&sute on the gage.

SCHOLIUM.

'i Inthe followingpropositions we shall irrefragably

demonstrate, that the fqree of fired gunpowder is

Nothingmore than the pressure of the fluid,: which
is generated in the preceding experiments, and that

this fkid in its action observes the same laws with
other elastic fluids* particularly the air ^ iso that

whatever power is^produced by the firing, ofagiven
quantity of gunpowder, the saanewould be exerted

by substituting in its stead a quantity of air equal to

the fluid generated in the explosion, provided that

air be included in the same space, and be heated to

the sanve degree, as the other fluid is at the instant

of its firing. Mr. Hales has concluded, that the

weight of the factitious elastic fluids, produced from
chymical processes, is the same with Vhat of com-
mon air; he having tried that produced from tartar

with great exactness. He has found, too, that they

expand with heat, and contract with cold,.and that

with the same pressure they are condensed in the

same degree with common air; and that when they
are cleared of their sulphureous fumes, which is

done by making them pass through water, they
will then continue for many months, nay years,

without losing any considerable part of'their elas-

ticity.
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64 NEW PRINCIPLES
ticity. And, from these and other circumstances,

he doubts not to assert, that these fluids are true
permanent air. : Now if.this be supposed of all, or
any of the elastic fluids produced.: by distillation,

burning, &c. it must be preferably allowed to be
true of that fluid, which is generated irc the explo-
sion of gunpowder ; since it is from, saltpetre alone
that this fluid seems ,to be derived, ; (for neither the
brimstone nor the charcoal yield it, whea .fired by
themselves) arid saltpetre is known to be a sub-
stance imbibed from the air by earth; for thcsame
parcel of earth, by being properly exposed to the

air, will furnish saltpetre over and over again for

ever. However, though; it?he highly reasonable to

suppose that the elastic fluid, arising from the firing

of powderr is genuine arid permanent air,! yet the

truth or falshood of this supposition no ways affects

the certainty of oun conclusions. : I m . sufficient

for our purpose, that) it is Ian elastic fluid ; whether
it be air or another composition, tmr reasoning will

be still the same; since ifcis by experiments on this

fluid itself, and not by obscure/speculations oa its

riature »and qualities, that /our future deductions
relating to its force apd action are confirmed. » i

. . V- .sj Pl|,OPl:lIL !> J ; ;
* * <

k
i

The Elasticity or Pressure of the Fluid pro-

duced by the firing of Gunpotvdef, is caet'eris

paribus directly as its Density.
• y .j. y . *:;/". i

«•

1 his follows from hence, that, if in the same
receiver a double quantity of powder be let fall,

the mercury will subside twice as much as in the

firing of a single quantity. For the vapour pro-

duced from the double quantity being contained in

the same receiver will be of double the density of

that produced from the single quantity ; whence
the elasticity or pressure estimated by the descent

of the mercury being likewise double, the pressure

is
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is directly as its-density. Also the descents of the

mercury, when equal quantities of powder are fired

in different receivers, are reciprocally as the capa-

cities of those receivers, and consequently as the

density of the produced fluid in each.

But as in the usual method of trying this ex-
periment, the quantities of pdwder are so very

small, that it is difficult to ascertain these propor-

tions to a requisite degree of exactness, I took a
large receiver, containing about 520 inches, and
letting fall at once on the red-hot iron, 1 dram or

the t*t °f an ounce avoirdupois of powder (the re-

ceiver being first nearly exhausted) the mercury
after the explosion was subsided 2 inches exactly,

and all the powder had taken fire. Then heating

the iron a second time, and exhausting it as be-

fore, 2 drams were let down at oncq, which sunk
the mercury S|, and a small part of the powder
had fallen beside the iron, which (the bottom of
the receiver being wet) did not fire, and the quan-
tity that thus escaped did appear to be nearly suf-

ficent, had it fallen on the iron, to have sunk the

mercury i part of an inch more ; in which case

the two descents, viz. 2 inches an<d 4 inches, would
have been accurately in the proportion of the re-

spective. quantities of powder; from which pro-

portion, as' it was, they very little varied.

Hence then it appears, that the elasticity of the

vapour produced by gunpowder in its explosion, i$

directly as its density.

PROP. IV.

To determine the Elasticity and Quantity of this

elastic Fluid, produced from the Explosion of
a given Quantity of Gunpowder.

A s different kinds of gunpowder produce differ-

ent quantities of this fluid in proportion to their

different degrees of goodness, before any definite

'E determination
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determination of this kind can take place, it is ne-
cessary to ascertain the particular species of pow-
der that is proposed to be used ; and therefore I

shall, in every examination and position relating to

this subject, suppose the powder in question to be
of the same sort with what is made for the use of
the government ; that being by contract to consist

of a known and invariable proportion of materials,

and is therefore much properer for a standard than

what is compounded according to the arbitrary

fancy of the artist.

Tnis being settled, we must further premise these

two principles, which we have already mentioned
in the scholium to prop. II. the first, that the elas-

ticity of this fluid increases by heat, and dimi-

nishes by cold* in the same manner as that of the

air ; the second, that the density of this fluid, and
consequently its weight, is the same with the weight
of an equal bulk of air, having the same elasticity?

and the same temperature.

Now, from the experiment recited in the last

proposition, it appears that of an ounce avoir-

dupois, or about 27 grains troy, of powder, sunk
the gage on its explosion 2 inches ; and the mer-
cury in the barometer standing at near 30 inches,

H of an ounce avoirdupois, or 410 grains troy,

would have filled the receiver with a fluid, whose
elasticity would have been equal to the whole
pressure of the atmosphere, or the same with the

elasticity of the air we breathe ; and the content of
the receiver being about 520 cubic inches, it fol-

lows, that
\i of an ounce of powder will produce

520 cubic inches of a fluid, possessing tne same
degree of elasticity with common air ; whence an
ounce of powder will produce near 575* cubic
inches of such a fluid.

* But, in-order to ascertain the density of this

fluid, w e must consider what part of its elasticity,

at

. , .
* This afeould be 555. H.
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at the time of this determination, was owing to the

heat it received from the included hot iron and the

Warm receiver. • Now the general heat of the re-

ceiver being manifestly less than that of boiling

water, which is known to increase the elasticity of
the air somewhat more than of its augmented
quantity, I collect from hence, and other circum-
stances, that the augmentation of elasticity arising

from this cause was about the
-J-
of the whole ; that

is, if the fluid arising from the explosion had -been

reduced to the temperature of the external air, the

descent of the mercurial gage, instead of 2 inches,

would have been only 14 inch; whence 575*, re-

duced in the proportion of 5 to 4, becomes 460 f

;

and this last number represents the cubic inches of
an elastic fluid, equal in density and elasticity with
common air, which are produced from the explo-

sion of 1 ounce avoirdupois of gunpowder, the

weight ofwhich quantity of fluid, according to the

usual estimation of the weight of air, is 131 grains

;

whence the weight of this fluid is -y-j-y or -y
3

^ nearly

of the weight of the generating powder.

If the ratio of the bulk of the gunpowder to the

bulk of this fluid be wanted, this will be determined
byvknowing that 1 ounce, 1 dram, or 17 drams
avoirdupois of powder, fill 2 cubic inches, if the

powder be well shook together; wherefore aug-
menting the number last found in the proportion

of 16 to 17, the resulting term 488tJ is the number
of cubic inches of an elastic fluid, equal in density

Vith the air produced from 2 cubic inches of pow-
der; whence the ratio of the respective bulks of
the powder, and the fluid produced from it, is in

round numbers, 1 to 244 §.

And

* This should be 555.

t More correctly 444.

t More accurately 472*

i 23S. H.
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And farther, to confirm this determination, I

fired the quantity of a dram of powder four times

successively, in an exhausted receiver^ by a burn-

ing-glass; the capacity of this receiver was 47O
cubic inches. These experiments were more trou-

blesome than those in which it was fired by a hot
iron, because it was sometimes long before it would
fire ; in which interval the air would often insinuate

itself, and thereby disturb the measures of the de-

scent; and, besides, near i part of the powder was
usually dissipated, unfired, by the blast : however,

by collecting the grains that were thus scattered,

and weighing them, and increasing the descent by
a proportional quantity, the subsiding of the mer-
cury, corresponding to one dram of powder, was
the first time 2,1 + inches, the second time 1,8— inches, the third time % 1—, and the fourth

time 1,85 inches, or at a medium 1^6 inches; and
this, diminished in the ratio of 520 to 470, becomes
1,77 for the descent to a like quantity in the first

receiver. Now the deduction to be made on ac-

count of the heat of the receiver was but little in1

these experiments
; for, by including a small ther-

mometer, I found that the fluid within the receiver

was not hotter after the blast than that of the

summer air; whence, if the descent 1,77 be re-

duced in the ratio of 13 to 1 52, which is nearly that

of the elasticity of hot summer air to temperate

air, it becomes 1,63 nearly, which differs little from
l'4-> or 1,6; which is what we found it to be in the

preceding experiment : whence the proportion be-*

tween the respective bulks of the powder, and the

fluid produced from it, may be still assumed to be
that of 1 to 244 [or 236.]

And this ratio agrees very well with the experi-

ment recited by Mr. Hauksbee, in his Physico-
Mechanic Experiments, p. 81 ; for lie there found
that one grain of powder produced, when fired in

the air, a cubic inch of elastic fluid, which, sup-

posing

1
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. posing the density of powder to be what we have
here assigned, gives the ratio of their respective

bulks to be that of 1 to 232 ; a difference, from
what we have assigned above, that may easily arise

from the difference of the powder only. Whence
we may conclude, that the presence of a greater or

less quantity of air does not affect the production
of this fluid ; since, by comparing Mr. Hauksbees
experiment with our own, it appears that the same
quantity of this fluid is generated in a vacuum as

in the air.

If this fluid, instead of expanding when the
powder was fired, had been confined in the same '

space which the powder filled before the explosion,

then (its elasticity having been shewn to be as its

density) it would have had, in that confined state,

a.degree of elasticity 244 [or 236] times greater

than that of common air; and this independent of
the great augmentation this elasticity would re-

ceive from the action of the fire in that instant*.
;

Hence, then, we are certain, that any quantity

of powder fired in any confined space which it ade-
quately fills, exerts, at the instant of its explosion,

against the sides of the vessel containing it, and
the bodies it impels before it, a force at least 244

* But it has been found, by other experiments, that 2 cubic

inches of powder in grains, occupied only about half that space^

or one inch, while in a solid state, or cake, before broken into

grains ; therefore the space occupied by the fluid, when expanded
to the rarity of the atroosphorc, would be 236 x 2, or 472
times the bulk of the solid powder from which it is produced.

—

But a solid mass, supposed to be composed of nitre, sulphur,

and charcoal only, in the same proportions as employed in mak-
ing gunpowder, would be tery nearly of the 6ame specific ,gra~

Tity^as solid gunpowder itself ; which contains abso air in the
proportion of 3 tenths of the whole weight of the powder : , it

follows therefore, that the condensation of the air in the pow-
der is 472 X or 1573 times, that is, 1573 times denser than
.common air, and therefore denser than water, in the ratio ojf

about 18 or 19 to 10. H.

E3
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[or 236] times greater than the elasticity of com-

• mon air, or, which is the same thing, than the

pressure of the atmosphere ; and this without con-,

sidering the great addition which this force will

receive from' the violent degree of heat with which
it is endued at that time ; the quantity of which
augmentation is the next head of our enquiry.

PROP. V.

To determine how much the Elasticity of the Air
is augmented, when heated to the extremest

Heat of red-hot Iron.

To fix this point, I took a piece of a musket-
barrel, about six inches in length, and ordered one
end to be closed up entirely ; but the other end
was drawn out conically, and finished in an aper-

ture of about 4- of an inch in diameter. This tube,

thus fitted, was heated to the extremity of a red

heat in a smith's forge, and was then immerged
with its aperture downwards in a bucket of water,

and kept there till it was cool ; after which it was
taken out carefullv, and the water which had en-

tered it in cooling was exactly weighed. Tha
weight of the water thus taken in at three different

trials was 610 grains, 595 grains, and 600 grains

respectively. The content of the whole cavity of
the tube was 796 grains of water ; whence the
spaces remaining unfilled in these three experi-

ments, were equal in bulk to 186, 201, 196 grains

of water respectively ; and these spaces did doubt-
less contain all the air, which, when the tube was
red-hot, did extend through its whole concavity ;

consequently the elasticity of the air, when heated

to the extreme heat of red-hot iron, was to the

elasticity of the same air, when reduced to the tem-
perature of the ambient atmosphere, as the whole
capacity of the tube to the respective spaces taken
up by the cooled air; that is, as 796 to 186, 201,

196;
-

*

#
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196 ;
or, taking the medium of these three trials,

as 796 to 194r*.
The heat given to the tube each time was the

beginning of what workmen call a white heat
;

and to prevent the rushing in of the aqueous "va-

pour at the immersion, which will otherwise drive

out great part of the air, and render the experi-

ment fallacious ; I had an iron wire filed tapering,

so as to fit the aperture of the tube, and with this

I always stopt it up, before it was taken from the

fire, letting it remain in till the whole was cool,

when removing it, the due quantity ofwater would
enter.

*

PROP. VI.

To determine how much that Elasticity of the

Fluid produced by the firing of Gunpowder,
which we have above assigned, is augmented by
the Heat it has at the Tiqie of its Explosion.

A s air and this fluid appear to be equally affected

by heat and cold, and consequently have their

elasticities equally augmented by the addition of
equal degrees of heat to each ; if we suppose the

heat, with which the flame of fired powder is en-

dued, to be the same as that of the extreme heat of
red-hot iron, then the elasticity of the generated

fluid will be greater at the time of explosion, when
it is in the form of flame, than afterwards, when it

is reduced to the temperature of the ambient air,

in the ratio of 796 to 1944 nearly; that is, in the

ratio of the elasticities of common air, under simi-

lar circumstances, ascertained in the last proposi-

tion.

Now that the heat of powder, when fired in any
considerable quantity, is not less than that of red-

hot

* Or the ratio nsarly of 4^ to 1. H.

E4
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hot iron, seems sufficiently evident from the ap-
pearance of the flame, and the known properties of
some of its materials ; for the fire produced by the
explosion is certainly as active as any common
fire; and it is well known that all fires will com-
municate a red-hot heat to iron, provided the bulk
of the iron be sufficiently small, when compared
with the quantity of the fire.

- This being supposed, then, that the flame of
fired gunpowder is not less hot than red-hot iron,

and the elasticity of the air, and consequently of
the fluid generated by the explosion, being aug*
mented by the extremity of this heat in the ratio

of 1944 to 796, as has been shewn in the last pro-

posion ; it follows, that if 244 [or 236] be aug-
mented in this ratio, the resulting number, which
is 999t [or 9664-,] will determine how many times

the elasticity of the flame of fired powder exceeds
the elasticity of common air, supposing it to be
confined in the same space which the powder filled

before it was fired. For since we have shewn, in

the third proposition, that the elastic fluid pro-

duced from the firing a quantity of powder, would,

if confined in the same space which the powder,

took up before its explosion, exert an elasticity

244 [236] times greater than the elasticity of
common air, supposing the temperature of that

fluid and of the air to be the same ; it is plain from
hence, that, when 244 [236] is increased in the

ratio, in which the elasticity of this fluid is greater

at the time of the explosion than afterwards, the

resulting number will ascertain how many times

the elasticity of this inflamed fluid, at the instant

of its explosion, and before it has dilated itself, ex-

ceeds the elasticity of common air.

Hence, then, the absolute quantity of the pres-

sure exerted by gunpowder, at the moment of its

explosion, may be assigned ;
for, since the fluid,

then generated, has an elasticity of999r [or 966,]
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or in round numbers, 1000* times greater than
common air ; and since common air, by its elasti-

city, exerts a pressure on any given surface equal

to the weight of the incumbent atmosphere, with
which it is in equiiibrio, the pressure exerted by
fired powder, before it has dilated itself, is nearly

one thousand times greater than the pressure of

the atmosphere ; and consequently the quantity of

this force on a surface of an inch square, amounts
to above 6 ton weight; which force, however, di-

minishes, as the fluid dilates itself, according to

what has been shewn in the third proposition.

SCHOLIUM.

Though we have here supposed that the heat of

gunpowder, when fired in any considerable quan-

tity, is the same with iron heated to the extremity

of a red heat, or to the beginning of a white heat,

(which determination we shall hereafter confirm by
many experiments) yet it cannot be doubted, but

that the fire produced in the explosion is somewhat
varied (like all other fires) by a greater or less

quantity of fuel ; and it may be presumed, that,

according to the quantity of powder fired together,

the flame may have all the different degress from
that of a languid red heat to the heat sufficient for

the vitrification of metals; but as the quantity of

powder requisite for the production of this last-

nientioned heat, is certainly greater than what is

ever fired together for any military purpose, we
shall find, by our future experiments, that we shall

not be far from our scope, if we suppose the heat

of such quantities as come more frequently iu

use, to be, when fired, nearly the same with the

strongest heat of red-hot iron-; allowing a gradual

augmentation to this heat in larger quantities, and
diminishing it when the quantities are very small.

PROP.
* The number corresponding to this, which I ha?c found by

many experiments, is near 1600. II,

-
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PROP. VII.

Given the Dimensions of any Piece of Artillery,

the Density of its Ball> and the Quantity of
ita Charge, to determine the Velocity which
the Ball will acquirefrom the Explosion, sup-
posing the Elasticity of the Powder at the

first Instant of itsfring to be given.

In the solution of this problem, we shall assume
the two following principles

:

I. That the action of the powder on the bullet

ceases as soon as the bullet is got out of the piece.

II. That all the powder of the charge is fired,

and converted into an elastic fluid, before the

bullet is sensibly moved from its place.

These postulates we shall demonstrate in an an-

nexed Scholium ; and they being supposed, the

proposition itself is thus determined.

Let AB represent the axis of any piece of artil-

lery, A the breech, and B the muzzle ; DC the dia-

meter of its bore, and DEGC a part of its cavity

filled with powder. Suppose the ball that is to be

impelled to lie with its hinder surface at the line

GE, then the pressure exerted at the explosion, on
the circle of which GE is/the diameter, or, which
is the same thing, the pressure exerted in the di-

rection FB, on the surface of the ball, is easily

known from the known dimensions of that circle;

draw any line FH perpendicular to FB, and AI
parallel to FH, and through the point H, to the

asymptotes IA and AB, describe the hyperbola

KHNQ ; then ifFH represents the force impelling

the ball at the point F, the force impelling tjie ball

in any other place as M will be represented by the

line MN, the ordinate to the hyperbola at that

point;
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point ; for when the fluid impelling the body along,

lias dilated itself to M, its density will be then to

its original density in the space DEGG recipro-

cally as the spaces through which it is respectively

extended ; that is, as FA to MA, or as MN to,

FH ; but we have shewn, in the second proposi-

tion, that the elasticity or impelling force of this

fluid is directly as its density ; therefore, if FH re-

presents that force at the point ]?, MN will repre-

sent the like force at the point M.

Since the absolute quantity of the force impel-
ling the ball at the point F is known, and the
weight of the ball is likewise known; the propor-
tion between the force the ball is impelled with,
and its own gravity, is known. In this propor-
tion take FH to FL, and draw LP parallel to FB

;

then MN, the ordinate to the hyperbola in any
point, will be to its part MR, cut off by the line
LP, as the impelling force of the powder in that
point M, to the gravity of the ball ; and conse-
quently the line LP will determine a line propor-

tional

*
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tional to the uniform force of gravity in every

i>oint ; whilst the hyperbola HNQ determines in

like manner such ordinates as are proportional to

the impelling force of the powder m every point

;

whence, by the 39th proposition of lib. 1. of Sir

Isaac Newton's Phil. Nat. Prin. Math, the areas

FLPB and FHQB are in the duplicate proportion

of the velocities which the ball woula acquire,

when acted on by its own gravity through the

space FB, and yihen impelled through the same
space by the force of the powder. But since the

ratio of AF to AB, and the ratio of FH to FL are

known, the ratio of the area FLPB to the area

FHQB is known ; and thence its subduplicate.

And since the line FB is given in magnitude, the

velocity which a heavy body would acquire, when
impelled through this line by its own gravity, is

known, bein^ no othei* than the velocity it would
acquire by falling through a space equal to that

line ; find then another velocity, to which this

last-mentioned velocity bears the given ratio of the
subduplicate of the area FLPB to the area FHQB,
and this velocity, thus found, is the velocity the

ball will acquire when impelled through the space

FB by the action of the inflamed powder.

Now, to give an example of this, let us suppose

AB, the length of the cylinder, to be 4.5 inches, its

diameter DC, or rather the diameter of the ball, to

be
-J-
of an inch ; and AF, the extent of the pow-

der, to be 2£ 'inches ; to determine the velocity

which will be communicated to a leaden bullet by
the explosion, supposing the bullet laid at first

with its surface contiguous to the powder.

By the theory we have laid down in the last

proposition, it appears, that at the first instant of
the explosion, tne flame will exert, on the bullet

lying close to it, a force 1000 times greater than
the pressure of the atmosphere : {he medium pres-

sure of the atmosphere is esteemed cajial to that of
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a column of water, 33 feet high ; whence lead being

to water as 1 1,345 to 1, this pressure will be equal

to that of a cojumn of lead 34,9 inches in height

:

whence multiplying this by 1000, a column of lead

34900 inches high would produce a pressure equal

to what is exerted on the ball by the powder in

the first instant of the explosion ; and the leaden

ball being £ of an inch in diameter^ and conse-

quently equal to a cylinder of lead on the same
base, 4- an inch in height, the pressure at first act-

ing on it will be equal to 34900*2 or 69SOO times

its weight; whence FL to FH is as 1 to 69800

r

and FB to FA is as 45—2| (or 424-) *> 2£; that

is, as 339 to 21 ; whence the rectangle FLPB is to

the rectangle AFHS, as 339 to 21 * 698OO; that

is, as 1 to 4324—. And from the known appli-

cation of the logarithms to the mensuration of the

hyperbolic spaces, it follows, that the rectangle

AFHS is to the area FHQB, as ,43429 #c. is to

the tabular logarithm of ~ ; that is, of VV°, which
is 1,2340579 ; whence the ratio of the rectangle

FLPB to the hyperbolic area FHQB, is compound-
ed of the ratios of 1 to 4324—, and of ,43429

fyc. to 1,2340579; which together make up the

ratio of 1 to 12263, the subduplicate of which is

the ratio of 1 to 1 10,7 ; and in this ratio is the ve-

locity which the bullet would acquire by gravity,,

in falling through a space equal to FB, to the ve-

locity the bullet will acquire from the action of the

powder, impelling it through FB ; but the space

FB being 42-J- inches, the velocity a heavy body
will acquire in falling through such a space, is

known to be what would carry it nearly at the rate

of 15,07 feet in 1" of time; whence the velocity,

to which this has the ratio of 1 to 1 10,7, is a ve-

locity which would carry the ball at the rate of

15,07 x 110,7 feet in 1" of time; that is, at the

rate of 1668 feet in T of time. And this is the

velocity which, according to the theory, the bullet

in
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in the present circumstances would acquire from
the action of tht* powder, during the time of its

dilatation.

And this being once computed for one case, is

easily applied to any other ; for, if the cavity DE
GC left behind the bullet be only in part filled

with powder, then the line HF, and consequently

the area FHQB, will be diminished in the pro-

portion of the whole cavity to the part filled ; if

the diameter of the bore be varied, the lengths AB
and AF remaining the same, then the quantity of

powder and the surface of the bullet, which it acts

on, will be varied in the duplicate proportion of the

diameter ; but the weight of the bullet will vary in

the triplicate proportion of the diameter ; where-
fore the line iH, which is directly as the absolute

impelling force of the powder, and reciprocally as

the gravity of the bullet, will change in the reci-

procal proportion of the diameter of the bullet—
If AF, the height of the cavity left behind the

bullet, be increased or diminished, the rectangle of

the hyperbola, and consequently the area cones- *

ponding to ordinate* in any given ratio, will be

increased or diminished in the same proportion.

—

From all which it follows, that the area FHQB, .

which is in the duplicate proportion of the velocity

of the impelled body, will be directly as the loga-

rithm J?, (where AB represents the length of the

barrel, and AF the length of the cavity left behind

the bullet) also directly as the part of that cavity

. filled with powder, and inversely as the diameter of
the bore, or rather of the bullet, likewise directly

as AF the height of the cavity left behind the bul-

let. Consequently the velocity being computed
above, for a bullet of a determined diameter,

placed in a piece of a given length, and impelled

by a given quantity of powder, occupying a given

cavity behind that bullet ; it follows, that, \>y

•means of these ratios, the velocity of any other

bullet
-
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bullet may be thence deduced, the necessary cir-

cumstances of its position, quantity of powder, tyc.

being given. Where note, that in the instance of
this proposition, we have supposed the diameter of
the ball to be I of an inch : whence the diameter

of the bore will be something more, and the quan-

tity of powder contained in the space DEGC will

amount to exactly 12dw, a small wad of tow in-

cluded*/

SCHOLIUM.

In this proposition we have taken for granted,

1*/, That the action of the powder on the bul-

let ceases, as soon as the bullet is got out of the

piece.

Qdly, That all the powder of the charge is fii^d,

before the bullet is sensibly moved from its place.

These assumptions we are now to demonstrate.

The first will, I presume, appear manifest, when
it is considered, how suddenly the flame will ex-

tend itself on every side, by its own elasticity,

when
* An algebraic investigation of the rale for the velocity of the

ball, may be seen in vol. 2 of Dr. Hutton's Course of Mathema-
tics, viz* in prob. 17, near the end' of the volume, p. 350, edit.

4. And the theorem thence deduced, is this: v =2713 x

i/fp- X log. of 7) for the velocity with which the ball quits
de a

the muzzle of the gun ; where d denotes the diameter , of the

bore, e the specific gravity of the ball, or the weight of a cubic

foot of its matter, h the length of the cylinder or bore filled

with powder, b the whole length of the guu-barrel, a the length

to the hinder part of the ball, and n the first force of the fired

powder, which Mr. Robins assumes equal to 1000. But when the

force of the inflamed powder is considered as carrying both its own
weight and that of the ball before it, the more accurate theorem,

h b
there stated, is this, v =2713 V ( —— X log. of -)

' '
v
de -f 66oa B a -

And by comparing the calculations from this theorem with very

accurate experiments, there noticed, the medium value of the

first force n, comes put about 1506 or 1600, instead of 1000.

S*>e pa. 350 of that book. TI.
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when it is once got out of the mouth of the piece

;

for by this means its force will then be dissipated,

and the bullet will be no longer sensibly affected

by it.

The second principal is, indeed, less obvious,

being contrary to the general opinion of almost all

writers on this subject. But, however, it is not
less certain. It might, perhaps, be sufficient for

the proofof this position, to observe the prodigious

compression of the flame in the chamber of the

piece. Those who will attend to this circumstance,

and to the easy passage of the flame through the

intervals ofthe grains, may soon satisfy themselves,

that no one grain contained in that chamber can
continue for any time uninflamed, when thus sur-

rounded and violently pressed by so active a fire.

However, not to . rely on mere speculation in a
point of so much consequence, I considered, that,

if part only of the powder is fired, and that suc-

cessively, then by laying a greater weight before

the charge, (suppose 2 or 3 bullets instead of one)
a greater quantity of powder would necessarily be
fired, since a heavier weight would be a longer
time in passing through the barrel. Whence it

'should follow, that two or three bullets would be
impelled by a much greater force than one only.

But the contrary to this appears by experiment

;

for firing one, two, and three bullets, laid contigu-
ous to each other, with the same charge respec-

tively, I have found (by a method to be mentioned
hereafter) that their velocities were not much dif-

ferent from the reciprocal of the subduplicate of
. their quantities of matter ; that is, if a given charge
would communicate to one bullet a velocity of
1700 feet in 1", the same charge would communi-
cate to two bullets a velocity from 1250 to 1300
feet in T, and to three bullets, a velocity from
1030 to 1110 feet in 1". From hence it appears,

that, whether the piece be loaded with a greater or

less
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less weight of bullet, the action of the powder is

nearly the same:; since all mathematicians know,
that if bodies containing different quantities of
matter are successively impelled through the same
space by the same pow er, acting with a determined

force at each point of that spac'e, then the veloci-

ties -given to those different bodies will be recipro-

cally in the subduplicate ratio of their quantities of
matter. The excess of the velocities of the two
and three bullets above what they should have
been by this rule, (which are that of 1200 and 980
feet in 1") does doubtless arise from the flame,

which escaping by the side of the first bullet, acts

on the surface of the second and third. :
«.

Now this excess has in many experiments been

imperceptible, and the velocities have been reci-

procally in the subduplicate ratios of the number
of bullets to sufficient exactness ; and where this

error has been greater, it has never arisen to an
eighth part of the whole ; but if the common opi-

nion was true, that a small part only of the pow-
der fires at first, and other parts of it successively,

as the bullet passes through the harrd, and that a
considerable part of it is often bldwn out of the

piece without firing at all ; then the velocity,

which three bullets received : from the explosion,

ought to have been much greater than we have
ever found it to be ; since the time of the passage

of three bullets through the barrel being nearly

double the time, in which one passes, it should

happen, according to this vulgar supposition, that

/in a double time a much greater quantity of the

powder should be fired, and consequently a greater

force should have been produced, than what acted

on the single bullet only, contrary to all our expe-

riments.

But further, the truth of the second postulate

will be more fully evinced, when it shall appear, as

it will hereafter, that the rules founded on this

F supposition.,
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supposition ascertain the velocities of bullets im-

pelled by powder, to the same exactness, when
they are acted on through a barrel of 4 inches in

length only, as when they are discharged from one
of four feet.

With respect to the grains of powder, which are

often blown out unfired, and which are always

urged as a proofof the gradual firing of the charge,

I believe Diego L[ffano, a person of great experi-

ence in the art of Gunnery, has given the true rea-

son for this accident ; which is, that some small

part of the charge is often not rammed up with
flie rest, but is left in the piece before the wad,
and is by this means expelled by the blast of
air before the fire can reach it?*; I must add,

that in the charging of cannon and small arms,

especially after the first time, this is scarcely to be
avoided by any method, I have yet seen practised.

Perhaps, too, there may be some few grains in the

best powder of so heterogeneous a composition as
to be less susceptible of firing, which I think I

have myself observed : these, though they are sur-

rounded by the flame, may be driven out unfired.

However, be that as it may, the truth of our posi-

tion cannot in general be questioned.

, Having in this proposition shewn how the velo-

city, which any bullet acquires from the force of
powder, may be computed upon the principles of
the theory laid down in the preceding propositions

of this treatise ; we will next shew, that the actual

velocities, with which bullets of different magni-
tudes are impelled from different pieces, \frith dif-

ferent quantities of powder, are really the same with *

the velocities assigned by these computations ; and
consequently, that this theory of the force of pow-
der, here delivered, does unquestionably ascertain

the true action and modification of this enormous
power.

But
•Dialog. 20.
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But in order to compare the velocities commu-
nicated to bullets by the explosion, with the velo-

cities resulting from the theory by computation ; it

is necessary, that the actual velocities, with which
bullets move, should be capable of being disco-

vered, which yet is impossible to be done by any
methods hitherto macle public. The only means
hitherto practised by others for that purpose, have
been either by observing the time of the flight of
the shot through a given space, or by measuring
the range of the shot at a given elevation ; and
thence computing on the parabolic hypothesis,

what velocity would produce this range. The
first method labours under this insurmountable
difficulty, that the velocities of tliese bodies are

often so swift, and consequently the time observed

is so short, that an imperceptible error in that time
may occasion an error in the velocity, thus found,

of 2, 3j 4, 5, or 600 feet in a second. The other,

method is so fallacious, by reason of the resistance

of the air, (to which inequality the first is also

liable) that the velocities thus assigned may not
be, perhaps, the tenth part of the actual velocities

sought.

„ To remedy, then, these inconveniencies, I have
invented a new method of finding the real veloci-

ties of bullets of all kinds ; and this to such a de-

gree of exactness, (which may be augmented too '

at pleasure) that in a bullet moving with a velocity

of 1700 feet in 1", the error in the estimation of it

need never amount to its five hundredth part; and
this without any extraordinary nicety in the con-

struction of the machine. The description and
use of which is the subject of the next proposition.

F 2 PROP.
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PROP. VIII.

To determine the Velocity, which any Ball moves
with at any Distance from the Piece, it is

discharged from.

Thz simplest method of effecting this, is by
means of an instrument like to that exhibited in

the engraved figure, where ABCD represents the

body of the machine, composed of the three poles

B, C, D, spreading at bottom, and joining toge-

ther at the top A ; being the same with what is

vulgarly used in the weighing and lifting of very

heavy bodies, and is called by workmen the trian-

gles. On two of these poles, towards their tops,

ate screwed on the sockets RS ; and on these

sockets the pendulum EFGHIK is hung by means
of its cross piece EF, which becomes its axis of
suspension, and on which it must be made to vi-

brate with great freedom. The body of this pen-
dulum is made of iron, having a broad part at

bottom, which cannot be seen in this scheme; but
its entire shape is represented in the annexed
figure A.
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The lower part of the pendulum is covered with

a thick piece of wood GKIH, which is fastened

to the iron by screws. Something lower than the

bottom of the pendulum there is a brace OP, join-

ing the two poles to which the pendulum is" sus-

pended ; and fo this brace there is fastened a con-

trivance MNU, made with two edges of stee/,

bearing on each other in the line UN, something
in the manner of a drawing-peu ; the strength with
which these edges press on each other being dimi-

nished or increased at pleasure, by means of a

screw Z going through the upper piece. There is

fastened to the bottom of the pendulum a narrow
ribbon LN, which passes between these steel edges,

and which afterwards, by means of an opening cut

in the lower piece of steel, hangs loosely down, as

atW.
x

This instrument thus fitted, if the Weight of the

pendulum be known, and likewise the respective

distances of its centre of oravitv, and of its centre

of oscillation, from its axis of suspension, it will

thence be known, what motion will be communi-
cated to this pendulum by the percussion of a body
of a known weight moving with a known degree

of celerity, and striking it in a given point; that

is, if the pendulum be supposed at rest before the

percussion, it will be known, what vibration it

ought to make in consequence of such a deter-

mined blow; and, on the contrary, if the pendu-

lum, being at rest, is struck by a body of a known
weight, and the vibration, which the pendulum
makes after the blow, is known, the Velocity of the

striking body may from thence be determined.

Hence, then, if a bullet of a known weight
strikes the pendulum, and the vibration, which the

pendulum makes in consequence of the stroke, be

ascertained ; the velocity, with which the ball

moved, is thence to be known.
Now the extent of the vibration, made by the

F 3 penduluir



W NEW PRINCIPLES
pendulum after the blow, may be measured t

great accuracy by the ribbon LN ; for let the

pressure of the edges UN on the ribbon be so re-

gulated by the screw Z, that the motion of the
ribbon between them may be free and easy, though
with some minute resistance; then settling the
pendulum at rest, let the part LN between the

pendulum and the edges be drawn straight, but not
straiiied, and fix a pin in that part of the ribbon,

which is then contiguous to the edges : let now a
ball impinge on the pendulum, then the pendulum
swinging oack will draw out the ribbon to the just

extent of its vibration, which will consequently be
determined by the interval on the ribbon between
the edges UN, and the place of the pin.

But the computation, by which the velocity of
the ball is determined from the vibration of the

pendulum after the stroke, requires a more parti-

cular explication ; and fpr this purpose we will ex-
hibit, as an example, the pendulum made use of
by us in some of our experiments.
The weight of the whole pendulum, wood and

all, was 56 lb. 3 oz. its centre of gravity was 52
inches distant from its axis of suspension, and 200
of its small swings were performed in the time of
253 seconds ; whence its centre of oscillation (de-

termined from hence) is 62£ inches distant from
that axis. The centre of the piece ofwood GKIH
is distant from the same axis 66 inches.

In the compound ratio of 66 to 62^-, and 66 to

.52, take the quantity of matter of the pendulum
to a 4th quantity, which will be 42 lb. 4- oz. Now
geometers will know, that if the blow be struck in

the centre of the piece of wood GKIH, the pen-
dulum will resist to the stroke in the same man-
ner, as if this last quantity of matter only (42 lb.

i oz.) was concentrated in that point*, and the

rest

* T is the case only when that point is the centre of os-

cillation ;
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est of the pendulum was taken away
;
whence,

supposing tne weight of the bullet impinging in

that point to be the of a pound, or the -^-^ of
this quantity of matter nearly, the velocity of the

point of oscillation after the stroke will, by the

laws observed in the congress of such bodies as

rebound not from each other, be the Tir °f the

velocity, the bullet moved with before the stroke ;

whence the velocity of this .point of oscillation af-

ter the stroke being ascertained, that multiplied by
505 will give the velocity with which the ball im-
pinged.

But the velocity of the point of oscillation after

the stroke is easily deduced from the chord of the

arch, through which it ascends by the blow ; for it

is a well-known proposition, that all pendulous bo-

dies ascend to the same height by their vibratory

motion, as they would do, if they were projected

directly

c
illation ; a circumstance forgotten to be noticed when this tract

was first printed in the year 1742, but which was mentioned by
the author, in the Philos. Transactions for the year following,

where the rule, is properly corrected, and where we are informed

that the first example here given only requires to be corrected,

as all the other examples in the 9th prop, following, were com*
guted by the corrected rule. The necessary correction for the

above rule, is to increase the velocity in the ratio of the distances

of the centres of oscillation and percussion, below the axis of
suspension. And that remark, had M. Euler observed it, might
have spared him the trouble of many of his animadversions on
Mr. Robins's work. As to the rule, in an algebraical form, the

easiest that I know of, is that given in my volume of Tracts,

printed in 1786, p. 119, viz. v = 614.58 g c x. £
*

for

the velocity of the ball in feet : where b denotes the weight of
the ball, p the weight of the pendulum, g the distance to the

centre of gravity, i the distance to the point of impact or point

struck, c the chord of the arch described by the pendulum, to

the radius or distance r, and n the number of small vibrations

the pendulum makes in one minute or 00 seconds . and where
the values of the quantities c, g, i, r may be taken in any one
and the same measure, either all inches, or all feet, &c. ; also p
and b in any one measure, either pounds or ounces, &c. H.

F4
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directly upwards from their lowest point, with the

same velocity they have in that point; wherefore,

if the versed sine of the ascending arch he found,

(which is easily determined from the chord and
radius being given) this versed sine is the perpen-

dicular height, to which a body projected upwards
with the velocity of the point of qscillation would
arise

;
and, consequently, what that velocity is, can

be easily computed by the common theory of fall-

ing bodies.

For instance, the chord of the arch, described

by the ascent of the pendulum after the stroke

measured on the ribbon, has been sometimes 17i
inches ; the distance of the ribbon from the axis of

suspension is 71| inches; whence reducing \7i in

the ratio of 71j- to 66. the resulting number, which
is nearly \6 inches, will be the chord of the arch,

through which the centre of the board GKIH
ascended after the stroke : now the versed sine of
an arch, whose chord is lG inches, and its radius

66, is 1,93939; and the velocity, which would
carry a body to this height, or, which is the same
thing, the velocity, which a body would acquire by
descending through this' space, is nearly that of

*3t feet in 1".

To determine, \then, the velocity, with which
the bullet impinged on the centre of the wood,
when the chord of the arch described by the ascent,

of the pendulum, in consequence of the blow, was

17y inches measured on the ribbon, no more is

necessary, than to multiply 3t by 505, and the re-

sulting number 164 It will be the feet which the

bullet would desc ribe in 1", if it moved with the

velocity it had at the moment of its percussion ;

for the velocity of the point of the pendulum, on
which

* More accurately 3,216.

4 Or rather 1624 z= 3.216 X 505. But the true velocity,

when computed by the corree* r»»!e. in the last note, comes out

16C9 or near 1700 feet. II.
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which the bullet struck, we have just now deter-

mined to be that of 3-i- feet in l" ; and we have be-

fore shewn, that this is the -j4t °f tne velocity of

the bullet. If, then, a bullet weighing of a
pound strikes the pendulum in 'the centre of the

wood GKIH, and the ribbon be drawn out 17£
inches by the blow; the velocity of the bullet is

that of 1641 feet in 1". And since the length the

ribbon is drawn, is always nearly the chord of the

arch described by the ascent, (it being placed so as

to differ insensibly from those chords which most
frequently occur) and these chords are known to

be in the proportion of the velocities of the pendu-
lum acquired from the stroke, it follows that the

proportion between the lengths of ribbon drawn
out at different times, will be the same with that

of the velocities of the impinging bullets
;
and,

consequently, by the proportion of these lengths

of ribbon to 17*, the proportion of the velocity

with which the bullets impinge to the known ve-

locity of 1641 feet in 1", will be determined.

Hence, then, is shewn, in general, how the velo-

cities of bullets of all kinds may be found out by
means of this instrument ; but that those, who
may be disposed to try these experiments, may not

have unforeseen difficulties to struggle with, I

shall here subjoin a few observations, which it will

be necessary for them to attend to, both to secure

success to their trials, and safety to their persons.

And first, that they may not conceive the.piece

of wood GKIII to be an unnecessary part of the

machine, I must inform them, that if a bullet im-

pelled by a. full charge of powder should strike di-

rectly on the iron, the bullet would be beaten into

shivers by the stroke, and these shivers will re-

bound back with such violence, as to bury them-
selves in any wood they chance to light on, as I

have found by hazardous experience ; and besides

the danger, the pendulum will not in this instance
'

ascertain

Digitized by Google



30 NEW PRINCIPLES
ascertain the velocity of the bullet, because the
velocity, wijth which the parts of it rebound, is

unknown.
The weight of the pendulum, and the thickness

of the wood, mutt be in some measure propor-
#

tioned to the size of the bullets which are used.—'
A pendulum of the weight here described, will do
very well for all bullets under three or four ounces,

if the thickness of the board be increased to 7 or &
inches tor the heaviest bullets : beech is the

It is hazardous standing on the side of the pen-
dulum, unless the board be so thick, that the

greatest part of the bullets force is lost before it

comes at the iron ; for if it strikes the iron with
violence, the shivers of lead, which cannot return

back through the wood, will force themselves out
between the wood and iron, and will fly to a con-
siderable distance.

As there is no effectual way of fastening the wood
to the iron but by screws, the heads of which must
come through the board : the bullets will some-
times light on those screws, frorh whence the shi-

vers will disperse themselves on every side.

When in these experiments so small a quantity

of powder is used, as will not give to the bullet a

\'elocity of more than 4 or 500 feet in 1", the bullet

will not stick in the wood, but will rebound from
it entire, and (if the wood be of a very hard tex-

ture) with a very considerable velocity. Indeed I

have never examined any of the bullets, which
have thus rebounded, but I have found them in-

dented by the bodies, they have struck against in

their rebound.

To avoid, then, these dangers, to the braving

of which in philosophical researches no honour is

annexed ; it will be convenient to fix whatsoever

barrel is used, on a strong heavy carriage, and to

fire it with a little slow match. Let the barrel too
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be very well fortified in all its length ; for no barrel/*

(I speak of musket-barrels) forged with the usual

dimensions, will bear many of the experiments re-

cited hereafter without bursting, as I have found
to my cost. The barrel, I have most relied on,

and which I procured to be made on purpose, is

nearly as thick at the muzzle as at the breech ; that

is, it has in each place nearly the diameter of its

bore in thickness of metal.

v The powder used in these experiments should be

exactly weighed, and that no part of it be scat-

tered in the barrel, the piece must be charged with

a ladle in the same manner as is practised with

cannon, the wad should be of tow of the same
weight each time, and no more than is just neces-

sary to confine the powder in its proper place ; the

length of the cavity left behind the ball should be
determined each time with exactness ; for the in-

creasing or diminishing that space will vary the

velocity of the shot, although the bullet and quan-,

tity of powder be not changed. The distance of
the mouth of the piece from the pendulum ought
to be such, that the impulse of the flame may not

act on the pendulum ; this will be prevented in a

common barrel charged with
-i-
an ounce of pow-

der, if it be at the distance of 16 or 18 feet ; in

larger charges the impulse is sensible farther off;

I have found it to extend to above 25 feet ; how-
ever, between 25 and 1 8 feet is the distance I have
usually chosen ; other precautions, which arc ne-

cessary, will better find their place in the account
of the experiments I have made, to which I now
hasten*.

PROP.

* Many improvements of the machinery, of this ino*nious

way of discovering the velocity of shot, may be seen in my
Tracts, before-mentioned ; where the method is extendi to the

practice with cannon balls of considerable size, and illustrated by
very numerous and varied examples. H.
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PROP. IX.

To compart the actual Velocities with which
Bullets ofdifferent Kinds are dischargedfrom
their respective Pieces, with their Velocities

computedfrom the Theory.

How to determine the actual velocities with

which bullets are discharged, has been amply
shewn in the last proposition ; and how to compute
the velocity with which they would be discharged

according to our theory, has been likewise fully

explained in the sixth proposition; we shall here

then compare the result of our theory with expe-

rience, and thence evince, how accurately that

theory agrees with the real motions of bullets,

though founded on principles no ways connected
with these experiments.

The first experiments, I shall exhibit, were made
with a barrel of the same dimensions with the ex-

ample of the sixth proposition, the ball being
-J-
of

an inch in diameter, the length 45 inches, and the

cavity containing the powder inches, which, as

the barrel exceeded the bullet in diameter by about

the *V of an inch, just contained 12dw. of
powder.

The bullet thus made use of was tV of a pound,

avoirdupois, in weight, and consequently the same
with the example of the seventh proposition ; but

the board on the pendulum used here was 4lb.

lighter than what is assigned in that example

;

from these circumstances, and the velocity which
by the theory the bullet ought to be discharged

with, there is known the chord of the arch mea-
sured on the ribbon, through which the pendulum
should ascend after the stroke, if the theory be

true : how near this agrees with our experiments,

will appear by the following table :

• No.
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No.

1

2

3

Quantity of
Powder.

Dw.

12

12

6

Chord of its ascend-

ing arch measured on
the ribbon.

18,7

19,6,

13,6

The same by
the theory.

19,0

19,0

13,4

Error of the

theory.

+,3
-,6
—,2

The next experiments were made with the same
barrel, but the board on the pendulum was now of

little more weight than that in the example of the

seventh proposition.

Length of the Quantity Chord of its The same by Error of the
• cavity con- of powder. ascending the theory. theory.

*
taining the

'

arch mea-
pow der or sured on the

line AF, in ribbon.

»

*

•

No.

• •

Inchej. Dw. Inch. Inch. Inch.

4 : 2 -£ :
6 11,9 12,1 > +,2

5 9. 4. 6 ^
1 H , 2 12,1 - -,1

6 i i 6 . 13,2 13,6 + ,4

7 1 T 6 13,9 . 13,6 -,3
8 2 12 16,7 17,2 + ,5

9 2 i 12 17,5 17,2 -,3
10 12 16,9 1*6,8 -,1
11 .2 * 12 17,0 16,8 -;2
IS o s^ T 6 11,7 11,5 -,2
13 2 i

" 6 11,1 11,5 + ,4

14 2 i
> .< .iii

12 16,7 16,3 ' -,4

The last five numbers resulting from the theory

are corrected from the quantity of bullets lodged

in the board, which, as many- other experiments of
a different kind were tried in the interval, amount-
ed at last to above two pounds ; whence the weight
of the pendulum being increased, its vibration

with the same blow must be proportionally dimi-

nished.

The
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The next experiments were made with a barrel

of the same bore with the last, but only 12,375
inches in length : to distinguish them, we shall

for the future denominate the first barrel by the
letter A, and this short one by C. The board on
the pendulum was at first rather lighter than in the

example of the seventh proposition.

Extent of Quantity Chord of The same Error
p the cavity of the ascend- by the of the

containing powder. ing arch theory. theory.

the pow- measured

der. on the

ribbon.
*

No. Bar. Inch. Dw. Inch. Inch.

15 c 2 i 12 12,7 12,8

16 c 2 i 12 12,6 12,8 + ,2

17 c 2 t 12 12,4 12,8 +,4
18 A 2 I 12 17,0 17,3

19 A 2 i . 12 17,2 17,2

20 A 2 -1 12 17,1 17,2 +,l
21 A 2 S-

12 17,2 17,2. ,0
22 A 2 i ' 6 12,4 12,2 -,2

: J

In some of the following experiments a third

barrel was used of the' same bore with the other
two, but 24,312 inches in length: this barrel I
denominate B; the board fixed on the pendulum
was at first but little heavier than that in the se-

venth proposition ; and when in the course of the
experiments it is sensiby increased in the weight,

I diminish the numbers arising from the theory by
a corresponding part.

* -'.IV 1
» I « f 1

It • t < • « • J

I , I '

I
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Extent of Quantity Chord of The same Error

the cavity of the ascend- by the of the
tain intTCOIllallllUg pu>>Utr. HI" oiLll UJCUJ y.

the measured
powder. on the

"Li
ribbon.

No. Bar. Inch. Dw. Inch. Inch. Tneh.

23 A 2 1 12 17,1 17,2 + ,i

24 A 2 -§> 9 15,2 15,0 - ,2

25 A 2 i 9 15,4 15,0 - ,4
26 C 2 + 12 11,5 12,8 + 1,3

27 C 2 -J-
12 n,5 12,8 1 '+ 1,3

25 2 * o 8,7 y. + .3

29 c 2 i 12 12,3 12,5 + ,2

30 B 2 4- 12 14,4 14,4 0,0

31 B 2 4- 12 14,4 14,4 0,0

32 B 2 i 6 10,3 10,5 + ,2

33 A 1 I 8 14,7 14,5 - ,2

34 A 4
-

*

12 15,7 15,3

The error in the 26 and 27 rh experiments being
much greater than what has occurred to me in any
other trials, I suspect, that some mistake was made
in the weight or the powder, or that the barrel

(which had indeed lain by in a moist place) was
very damp ; which circumstance, I know by expe-

rience, will considerably diminish the action of the

powder.
The following experiments were made with a

pendulum much heavier, it weighing in the whole
97lb. its centre of gravity was 55,625 inches distant

from its axis of suspension, and 200 of its small

swings were performed in the space of 255*^,

whence its centre of oscillation is 63,9 inches dis-

tant from the axis of suspension. Also sometimes

another barrel was used 7,06 inches in length, and
,83 in diameter; its ball was exactly fitted to the

bore without any windage, so that it went in with

difficulty ; the weight of this ball was 33i dw.

—

This barrel we shall denominate D.
No.,
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Length of Quantity

of
*

I Chord of The same
• the cavity the a«rnd- by the

containing powder. ing arch theory.
the measured

powder. on the
•

ribbon.

No. Bar. Inch. Dw. Iuch. Inch.
o c AA /a r

- T
1 /"\

12 9,2
*

9,2
o/£30 AA T 1

2

9,5
, 9,2

oj AA 5 T 24 1 1,7 1 1,3
Do AA 30 13,2 12,6
OA
39 AA 12 9,3 9,1
A /"V40 AA 1 T 8 7,6 8,1
A 141 2 T 12 6,1 6,6
A r%42 12 6,5 6,6
A <&

li 2 i 12 8,0 8,2
A A44 15 2 t 12 8,3. 8,2
45 AA 2 i 12 9,5 9,1
40 AA 2 T 12 9,1 9,1
4/ AA 2 i

r0 6,5
48 AA 2 T 6 6,7 6,5
49 1/ 5- T 12 6,8 6,7

<

2 x 7,5 6,7
ii <2 -f 6 4,7 4,8

52 a> < /-»

0 5,0 ' 4,8
53 2 T 12 7,0

* T 7,

1

0,0
55 D 2 + 6 4,7 4,8
56 D 2{ 6 4,8 4,8
57 A 6 6,4 6,5
58 A 6 6,4 6,5
59 A 6 6,6 6,5
60 A o 1 6 6,7 6,5
61 A 1 2-rV 12 9,0 9,1

F.rror

of the

theory.

Inch.

,o

-,4

-,4
,0

-,7
-,2
-,1
-,8
+ ,1

+,«
-,3
+.1

+,1
+,1

-,2
+ ,l

The
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The error in the 50th experiment^ the greatest

in this set, was doubtless owing* to the wind ; for

the 49, which was made immediately, before it in

the same manner, and with the same quantity of
powder, differs but little from the theory. Tb*;
excess of the 38th experiment above the theory,

was jn part occasioned by the impulse of the flame,

on the pendulum, which in this large quantity of
powder was plainly to be djscerri^d.

,

This theory is farther confirmed top, by experi-

ments made on the action 6f very, small quantities.,

of powder." We have hitherto supposed the pow-
der when fired to be equally hot with iron at ,t\\G,

beginning of its whife War, but:we have observed^

that in very small quantities of powder the he$£ im-

probably less than this, aud consequently the elas-

ticity in those cases less than what arises from this

supposition. Now this decrease of elasticity in

small qualities of powder we have found J>y many
trials actually to take place; for instance, in the

:

example of the 7th
.

proposition, the velocity, which
should be given to the ball by the actioji of the

powder according to the theory > is in roupd num-
bers that of 1670 feet in 1", .and this velocity we
have found in the preceding experiments to be the

medium velocity, which the ball reaUy receives ia

those circumstances. Ifno>v, the barrel and posi-

tion of the ball remaining the same, there be placed

in the same space DEGC continuing likewise the

same Idw. or powder instead of 12, which is the

quantity supposed in that example ; it follows from
the principles there laid down, that if the elasti-

city of the smaller charge be the<same in propotv

tion to its quantity with that of the larger, then
the velocity of the bullet, when impelled by the

explosion of the smaller charge, will be to the ve-
(

locity of a bullet impelled by the greater charge,

in the subduplicate ratio of the quantities of the

respective charges ; that is, in the subduplicate ra-

G tio
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(fain the* true and genuine determination of the

force and manner of acting of tired gunpowder.
w-This thenn% as here e&taWisfied, supposes, thatm
the firing ofgunpowder about ,V-of its substance is

converted by the sudden inflammation into a per-

manent elastic fluid, whoseVdlasticity, in proportion

to its heat and density, is the same with that of
cprrwnonVrrin -tiie inWciicumstajiqes ; it. farther

supposes tha!t all the force exerted by gunpowder,
ittits most violent operations,: .is no more than the

action of the elasticity of the fluid thus generated ;

a^ithesc pVibeiples enable: us, as'iveihave seen, to
determine thevvelacities? of .bullets inipeHeri;fcora

firearms: of xaH kinds, and are : fully suftijden trior

all purposes, where the force of gunpowder is fco.be

estimated IWbetluer this fluid be true antlgeuumc
ajkym another substance, we- shall not -discus*, irt

this' piajci ; casei

t

:is • na enquiry :rio- way ssi aajnected
with: th&i design a>fr this. :treatisc i i ;

'

. . .

vFrom this theoiyinany deductions may 'be *nade
of thb grtatefet^oQustqiience to the- practical part of
GuiihervL * Fnorn. hence the thickness of? 3 piece,

which wUlenaWe^it torconfine; AvathoMt bumtiug any
gifcerr charge of powder, is easily determined, since

the effort ofithe^pawder is known. Frc-m, hence
aippears the iric?o^lu«ivcness of What someinodern
authors have advanced, relating to the advantages
of particular fonris^or the clhlm'bers of mortars anci

cannon ; for ^11 their laboured speculations QPrfchis

hoad are evidently founded-oh very erroneous opi-

riioris about the action of fired powder, Erom this

theoryv too, nie ii re taught the! necessity of leaving

the same, space behind the bulle*, when we would
by the same quantity of powder .communicate the
same velocity; to the bullet;/ since on our principles;

it ffhliows; .that the same powder has a greater, or

lessdegree offrasticity, according to the different

spaces' it occupies. The method, which I have
always .practised for this- purpose, has been by

marking

i
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marking the rammer; and this is a rrjaxmv wiiich

ought Hot.to be dispensed with, ..-when cannon are

tired at an elevation, particularly in those.called by-
the French Bat tcriisik'Tioochet'. ^ x -7/

From the continued action of the .powder, and
its manner of expanding described in this theory*

and the length and weight of the piece ; one of the

most essential circumstances in the well-directing

of artillery may be easily ascertained.; All prac-

titioners are agreed, that no shot can be depended
on, unless the piece be placed on a solid. platform,;

for if the platform shakes with the ti£$tT impulse of

the powder, it is impossible but tber piece must
likewise shake, which will alter its direction, and
render its shot' uncertain. To prevent this acci-

dent, the platform is usually macje extremejy firm

to a considerable depth backwards ; sof that the

piece is not only well supported in th^beginning
of its motion, but likewise through a great part of

its recoil. However, it is sufficiently obvious, that

'syhen the bullet is separated from the piece, it can

be no longer affected by the trembling' of the piece

or platform ; and by a very easy computation it will

be found, that in a piece 10 feet in length, carry-

ing a hullet of 24lb. and charged with 1 61b. of

powder, the bullet will be. out of $e f>iece, before

the piece has recoiled 4. an inch-
\
whence, if the

platform be sufficiently solid at the beginning of

the recoil, the remaining part of it may be much
slighter; since its unsteadiness beyoud the first -4

inch will have; no intjufnee on the direction of the

shot. And he^ce more compendious method of

constructing platforms, may be found; out
Vnm this iheo^yat ^Iso *ppeaj$, >}\ow grp&tly

tfyoseia^thpre, lj)iive
?
been mistaken,* who have atpfip

butedtthe, force of g^ipQwdev,. or at leasts pparsi-

derable. part of it, , to, tl>e action.of the air coBrtain^fl

either? itftltf ponder on between jtltfanterva^ of th,e

^rw>*;-ft»\'-tjhey.^)iaye. suppled
, (tt^gkirM^

iti G 3 tinctly
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tinctly enough) that air to exist in its natural elas-f

tic state, and to receive all its addition of force

from the heat of the explosion. But, from what
we have experimented in tfje fifth proposition, re-r

lating to the increase of the elasticity of the air by
heat, we may conclude, that the heat of the ex.*

plosion cannot augment the elasticity of the air to

fivie times its Common quantity
; consequently, the

force arising from this cause onlv cannot amount
to more than the 8«0th part of trie real force ex-

erted on this occasion.

6f our theory, we shall proceed to the examination

of some other particulars relating to this subject

;

which, though easily enough flowing from the

principles already laid down, do yet, from the no-
velty and singularity of the matter, merit a cir-

cumstantial discussion.

Xn all the experiments I have hitherto examined,
I have never been able to discover, that the varia-

tion of the density of the atmosphere did any way
alter the action of powder, although I have made
several hundred shot in very different seasons : in

particular, I have sometimes compared the trials

fn&de at noon, in the hottest summer sun j with
those made in the freshness of the morning and
evening, and I could not perceive any certain dif-

ferehee between them, and it was' the same with
lifie Mais made m the night and! iri winter; although
in this variety fof seasons, ttote density of' the at-

mosphere must have been very different : indeed/ as
xve have seen that the same '--quantity of that fluid,

ih frhicfathfc force of po\Vc^wnsis^s, i8^geiw«fated

Having thus dispatched the
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in a vacuum, and in common air, it is difficult- -to

conceive how this force can be afteeted by the

greater or lesser density of the atmosphere.

But though the density of - the atmosphere ha^s

no influence ou the force of powder, yet its mois*-

ture has a great one; for the same quantity of
powder, which in a dry season would communicate
to a bullet a velocity pf 1700 Let in 1", \vill not ija

<lamp weather communicate to the same bullet,

placed in the same manner, a velocity of more,

perhaps, than 1Q or 1300 feet in J", or still less, if

the pow;der be of a bad sort, and has been negli-

gently kept. And this decrease of the force in

damp powder appears by my experiments to be
very unsteady and variable; so that Q shot wad?
with equat quantities of such powder, taken out of
the same parcel, will differ considerably frorn each
other, perhaps ten times more than if tbe ponder
was in good order; and as far as this uncertainty

in its effects will permit me, 1 seem to collect, that

a small charge loses a greateivpari of its force than

a larger, provided each are equally damp. Ano<r

ther circumstance attending damp powder, is a

remarkable foulness in the piece after firing, much
beyond what arises from an equal quantity of dry

powder.

Now all these effects are easily to be .accounted

for, when it is known, that powder will imbibe

moisture from the air ; for as a certain quantity of

water mixed with powder will prevent its firing at

all, it follows, that every degree of moisture in

powder, though insufficient to produce this effect/

will yet abate the, violence of its explosion, and
wiiijeadQr the fire thereby produced less vehement
than it would otherwise be; whence a less quan-

tity taf flujd vvHl ih> this Case gjciieratetdriand the

jbf&fciof-ihat fluid anjd iterel.a*tiwty: i§ likewise lciss>

jaonseqtteaatly thh action #f damp pbxvtJb\imnrt> an
i-.i ..?oiq>: * rwi ? ;ix 4v io vr. this
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this two-fold account, be diminished according to

the degree ofmoisture with which it is impregnated.

And as bad powder usually contains some com-
mon salt in it, by reason of the little care taken in

the refining of the nitre, and as common salt-im-

bibes moisture in a stronger degree than nitre j it

is not difficult to conceive, how bad powder should

'in a moist season be more impregnated with mois-

ture than good, and should consequently lose

more of its force.

The uncertainty in the effects of damp powder
arises, I presume, from the different degrees of

* dryness it acquires in the piece; for as, after- the

first or second firing, the barrel grows warm, if the

powder is contained any time in it, some part of
its^moisture will be thereby evaporated ; and as the

heat of the barrel, and the time of the charge con-
tinuing in it, are circumstances, which in their na-

ture are very uncertain, it is not to be wondered
at, that the evaporation, and consequently the atiw

tion of the powder, is likewise uncertain. I must
remark, on this head, that, in the driest seasons, I

have found the coldness of the barrel, and perhaps

some little moisture condensed in its cavity, to

have sensibly dimipished thc^force of the powder
in the first shot.

That small quantities of powder should have
their action more diminished than larger quantities

with the same degree of moisture, naturally follows

from the smaller degree of heat, with which (as

we have observed above) the explosion of small

charges is attended ; since the same proportion of
moisture must- of necessity clog a weak fire more
effectually, than it can do one which » more
violent.

The remarkable foulness of the piece, from the
firing of damp powder, which we have mentioned
above, must likewise arise from the diminutionn£
tiie activity of the fire rn the explosion^ For,

1 wheu
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when powder is of a proper temperature to fire

readily and violently, the greatest part of its sub*

stance ought to be consumed to ashes, which will

then be discernible in the form of a greyish sub-

stance on all bodies placed near the mouth of
:
the

piece ; and the foulness of the piece is owing to

those parts of the powder, which, either by their

contiguity to the cold barrel, or their less inflam-

mable composition, are but imperfectly burnt;

now since moist powder produces a less violent

flame, in proportion to the moisture it imbibed ; it

must follow, that a smaller part of the powder will

in this case be perfectly consumed, and conse-

quently a greater part will remain to contribute to

the foulness of the barrel. i

'
,

' * *,•**•

: SCHOLIUM.
* 1 * %

Wd have asserted, as the basis of Our reasoning

in this proposition, that powder will imbibe mois-

ture from the air in a humid state of the atmos-

phere; but it remains to assign the quantity it can
thus imbibe, which we shall here endeavour to do
from our own experiments.

A parcel of very good powder being placed on a

white paper, which was pierced with a great num-
ber of fine holes, and the paper being held over

the steam of hot water, I found, that in. half a mi-

nute the powder was increased in weight by about

tV part.

Trying another parcel in the same manner, but

continuing it longer in the steam, I found that the

powder increased its weight by ^rr part; but in

this case some of the grains adhered together in

small lumps, although the figure of the grains

themselves was no ways changed.

To convince myself that the moisture: of the at-

mosphere would likewise increase the weight of

ponder, I took about an ounce of powder, which
had
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had for some time been kept in a room, which had
a- fire in it every day, and I found, by drying it

before the fire, that it lost above T^ of its weight

one third of which decrease iri weight it had again

acquired in less than two hours, by being removed
to a different part of the room, at a distance from
the lire.

Now as the^weather is often much moister than

when I tried this experiment, and as in open air

this moisture abounds much more than in a room
where there is a fire, it cannot be doubted, but

that sometimes the twentieth or thirtieth part of
the substance of the best powder is water, which
may be easily supposed to produce all the effects,

we have observed and described in this proposition.

But, however, the moisture thus imbibed by
powder from the air does not, as I have yet ob-

served, render it less active, when it is dried again.

The reader must have observed, in the experiments

of the last proposition, how nearly those made with

the same quantities of powder, and in the same
circumstances, agree with each other. In these

experiments, though made at different times in the

course of three, summer months, the dryness of the

season prevented all the inequalities of this propo-

sition. But trying the same powder in the winter,

in a very damp*season, I found, that though if it

was used as in the summer, in its natural state*

without any drying, its effects were very irregular,

and much short of those experiments; yet if each
charge was well dried, just before it was used, no
diminution of its*force could then be perceived^

nor did it appear to act in, any manner different

from what it had done in the preceding summer.
Indeed if the powder be exposed to4hc< greatest

damps without any caution,' or: if common salt

abounds in it, the moisture: it imbibes.-may, per-

haps, be. sufficient ta idissolvei. same pact of the

nitre ; which is a, lasting damage^ that ao drying
can
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oan letriere. But when tolerable care is takeirin

preserving powder, and t]ie nitre it is composed of

has been well purged from common salt, it will

retain its force much longer than is usually sup-

posed, I have heard that powder which had been

well kept, did not at the end of fifty years appear

to be any ways injured by its age.

Some care is necessary in the drying of damp
powder; for there is a degree of heat, which though
not sufficient to fire the powder, will yet melt the

brimstone, and destroy the texture of the grains.

—

Nay more, there is a heat, with which the brim-

stone will flame and burn away gradually, and yet

the powder will not explode ; of this any one may
satisfy himself by heating a piece of iron red-hot,

and then throwing a few grains of powder on it at

different intervals, during the time of its cooling

;

for by this means he will find, that at a certain time

the separate grains, that fall on the iron, will not

txplode, but will burn with a small blue flame for

some space of time, the grain still reniaiuing un-

consumed. Indeed, when it has begun to burn in

this manner, it sometimes ends with exploding, but

this more commonly happens when a number of

grains lie near together ; for then, though each se-

parate flame is not sufficient to explode its respec-

tive grain, yet the whole fire, made by them alto-

gether, grows strong enough at last to end in a

general explosion ;
however, by attending to the

proper temperature of the iron, and spreading the

grains, I have often covered two or three square
s inches with a blue lambent flame, which has lasted

a considerable time without any explosion ; and
examining the grains afterwards, 1 could not per-

ceive that they had lost either their colour or their

shape. Now since these grains, when the brim-

stone is thus burnt, or. even melted out of them,

will no longer act as powder ; it is evident, that .

\ powder
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powder may be spoiled by being dried with too

violent a heat.

From the great difference in the effects of moist

and dry powder established in. this proposition, it

appears how very uncertain and iryegular all thosf

practical operations of Gunnery may prove, where
this circumstance is not attended to ; and how little

confidence can be placed in any experiments where
this cause of inequality could interfere. • » -i

Before I leave this article, I must mention a

suspicion, I once entertained about this ,matter.-4

As water, when rarefied into vapour, is generally

supposed to be near ten times more elastic than air

equally heated, I imagined, that possibly the mois-

ture imbibed by power might, in Certain cases, be

so proportioned to the quantity of powder, that it

might be converted into vapour by the explosion;

and that thereby the force of the powder might be

more increased by the addition of this very elastic

vapour, than it was diminished by the damping of
its flame. And I was the more induced to believe

that this did sometimes happen, from the experi-

ments of a late author, who tells us that the ranges

of the same shot, fired from the same mortar, with

equal charges of powder, were much greater in the

freshness of the morning, than in the heat of the

day. For I was well satisfied, that the mere den-
sity of the air (to which he seems to impute this

variety) could not produce such different effects.

However, upon a more accurate examination, I

cannot find that any degree of moisture docs at
any time augment tlie force of powder ; for, in all

the numerous trials I have made, 1 never observed
that force sensibly to exceed , its mean 'quantity,

except in two experiments;, and even : those ex-
cesses, I had good reason to believe, were occa-
sioned by some disorder >invthe machine. llW~
£ver, if the elasticity, of watery Vapour b4 as> gicat

as it is usually esteemed, :(a point far from being

ascertained
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ascertained^ at present) it is not impossible, but

something of this kind may take place in the firing

of large quantities of powder.

PROP. XI.

Tb investigate the Velocity which the Flame of
[Gunpowder acquires, by expanding itself, sup-
posing it be Jired in a given .Piece of Artil-

Ti
' iery without either a Bullet or any other

Bodybeforc it.

X f the whole substance of the powder was con-
verted into an elastic fluid at the instant of the

explosion ; then, from the known elasticity of this

fluid;assigned by our theory, and its known den-
sity, wei&uid easily determine thp velocity with

which It would begin to expand, and could thence,

trace but its future augmentations in its progress

through the- barrel : but as we have shewn that the

elastic fluid, in which the activity of the gunpow-
der consists,' is only of the substance of the

powder, tlie remaining TV will in the explosion be

mixed with the elastic part, and will by its'weight

retard the activity of the explosion ; ami yet they

will not be so completely; united as to move with

one common motion, but the unela&tic part will b(-

less accelerated than the rest, and Gome of it will

not even be carried out of the barrel, as appears by
the considerable quantity of unctuous matter which
adheres to the inside of all fke-arms, after they

have been used. :

These inequalities in the expansive motion of
the fkme oblige us to recur to experiments for its

accurate determination.

The experiments, made use of for this purpose,

were of two kinds : the first was made by charging
the barrel A with 12dw. of powder, and a small

wad of tow only; and then placing its mouth 1.0

inches from the centre of the pendulum, mentioned
in

Digitized by Google



110 NEW PRINCIPLES
in the seventh proposition ; on tiring it in this situ-

ation, the impulse of die flame on the pendulum
made it ascend through an arch, whose chord w;is

13,7 inches; whence, if the whole substance of the
powder was supposed to strike against the pendu-
lum, and eaeh part to strike with the same velo-

city, that common velocity must have been at the

rate of about 2650 feet in T. This, then, is the

least velocity, which the powder could be supposed
to acquire in its expansion ; for if we suppose the

elastic part to acquire a greater Velocity in ex-
panding, than the other gross, vapour, (which it

undoubtedly does) this common velocity here as-

signed must be augmented for the elastic fluid, and
diminislied for the grosser substanc6 of the pow-
der. As souk; part of the velocity of >tbe flame .was

lost in passiug through 19 inched of air, ;I made
the remaining experiments on this subject in a
manner not liable, to that inconvenieaceJ ,

I fixed the barrelA oin the pendulum, so that its

axis might be both horizontal and also perpendi-

cular to the plane TIK; or, which: isithe same
thing, that it might be in the plane of the. pendiu-r

turn's vibration ; the height ot\th&axt& oi\ the piece

above the centre of the pendulum was six-inches;

and the weight of the piece, and of the iron that

fastened itf -c[ifc. was lllh.^ :
? The barrel in this si-

tuation being charged ivith 12dw. of powder, witih*

out [either bailor wad^ the jjowder onlypwt toge-

ther with thg;jammer* on the discharge the pen-
dulum ascended through an arch, whase chord
was 10 inches, or redutedrJto an eqiuiwalent blow
in the centre; of: the pendtdium, supposing the bar-

rel awav, it would be 14,4 inches nearivf; * >.

. The same; experiment repeated: agahvthejdhord
of the ascending arch was 10, 1 inches, which re-

duced to tl>e centre, is 14,6 inches.

To determine what difference of velocity there

was iu the different parts of the vapour, I: loaded

the
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the piece again with 12dw. of powder^ and rammed
it dowa with a wad of tow weighing' i dw. Now I

conceived, that tlnVwad, being very light, Would
presently acquire' that velocity, with which the elas-

tic part of the fluid would expand itself when un-
eompVdssed ; and I* accordingly found that the

chord of the ascending arch, was by 'this means
augmented <to 12 inches* or at the centre to 17,3 :

whence* as the medium of the other two expert
ments is I4,5y the pendulum ascended through an
arch 2,8 inches longer* by the additional motion of

ldw. of matter moving with the 'Velocity of the

swiftest part of fhe vapour ; and consequently, the

velocity, with, which this ldw. of matter moved,
Was that of about 7000 feet in 1".

;

It: will; -perhaps, be objected tothis-detenuina-

tion, *fok the augmentation of the arch, through
which «the ^ndulum vibrateid in tbiroase, was not

alhof it owing to the quantity of 'motion given to

the wad, but part &f it was produced by the con-

finement? o£ the- powder, and the gtieater quantity

thereby fired; But if it were true that a; part only

of the powder fired, when there was no wadr it

Would not happen, that in firing different quanti-

ties of powder-without a wad, the chord of thd

ascending' arch Would increase and decrease nearly

in the ratio of rthose quantities,which yet I have

foutld it to do; for with 9dw. that chord was 7,3

inches, which with IQdw. we have seen was but

10, and 10,1 ; and even witlvSdw; the chord was
2 inches ; deficient 'fr&m: this proportion by ,5

only ; for which deftct Voo, other valid reasons are

to be assigned. > • -

And there is fctitta more convincing proqf, that

all the powder is fired, although no wad be pldced

before the charge ; which is, that the part of the

recoil arising fixnu the expansion of the powder
alone, is found t6 be no greater when it impels a

leaden bullet, bafore it, than when the same quan-
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tity is fired without any wad to confine it. We
have ,

scea that the chord of the arch, through
which the .pendulum rose from the expansive force

of the powder'alone, is fo, or 10,1 ; and the chord
of that arch when the piece was charged in the

customary manner with a bullet and wad, I found
to be the first time 22*, and the second time 22£

;

or at a medium 22*56. Now the impulse of the

ball and wad, if they were supposed to strike the

pendulum in the same place in which the barrel

was suspended, with the velocity they had acquired

ait: the mouth of the piece, would diiye it through

Hn arch whose-chord would be about J2, 3, as is

known from the weight : of the. pendulum, the

w eight and position of the barrel, and the iveloctfy

of the bullet, .determined by our former.; experi-

ments; whence, subtracting thii number 12*3 from
£2,56, the remainder 10,26^/is. nearly Uae.cJhoird }of

therareh, whichjbe petidulusvtfould have ascended
through, from the expansion of the powder ak>ue;

when fired with a bullet before it ; and this number
10,26 .differs very little from 10,1,1 whiclvwehave
above found to be the chord of.the ascending arch,

when fhe same quantity of powder expanded itself

freely, without either bullet,or;wad before* it } .

-Again,, that this velocity of 7000 fe^t in'l'Us not
mueh beyond, what^ thei:mpsjt , active kpai:t- of tl^e

flame acquires inexpanding, ijs evinced from; ljcnce,

that we have above, in the 38th experiment, an in-

stance of a ball, actually, .discharged with a velocity

of 2400 m l:, and, yet it appeared not. that the

action of the powder on this bullet, Was at all di-

minished on account of this immense celerity;

;

consequently, the degree of swiftness, with which
in this instance the powder tallowed thej)all,j>ritb-

out losing any part of its pressure, must have been
much short of what the powder alone would have
expanded with, had not the ball been there.

And it is this prodigious celerity of exp^psioil

of

• * *
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of the flame of fired powder, that is its -peculiar

excellence ; and the circumstance in that it so emi-
nently surpasses ail other inventions, either ancient
or modem, for the purpose of military projections :

for as to the quantity of motion of these projectiles

only, many of the warlike machines of the ancients

produced this in a degree far surpassing that of
our heaviest cannon-shot or shells ; but the great

celerity given to these bodies, cannot be in the
least approached by any other means than by the
flame of powder. The reason of this difference is,

that the ancients could by weights, or the elasti-

city of springs and stretched cords, augment their

powers to any degree desired ; but then each addi-
tion of power brought with it a proportional ad-
dition of matter to be moved ; so that as the power
increased, these parts of the machine which were
to communicate motioa to the projectile, and were
consequently to move with it, were likewise in-

creased ; and thence it necessarily happened, that

the action of the power was not solely employed
in giving motion to the impelled body, but much
the greatest part of it was spent in accelerating

those parts of the machine in which the power re-

sided, to enable them to pursue the body to be
projected with a perpetual impulse, during its whole
passage through the extent fcf their activity. Hence
then it came to pass, that though these ancient

machines could throw enormous "weights, they
could project them but with small degrees of cele-

rity, compared with what we can communicate to

©ur cannon and musket-shot : whence, in all ope-

rations, where these great velocities are useful, our

machines are infinitely superior to those of anti-

quity : although in more confined and shorter pro-

jections, these last have some advantages, which
may yet render them worthy of the attention of

those military geniuses, who have capacity enough
to consider each part of their profession according

H to
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to its true and genuine value, independent of the

partial estimation of the times they live in.

From the determinations contained in this pro-

position, the force of petards may be deduced,

since their action solely depends on the impulse 6t*

the flame : and it appears, that a quantity of pow-
der, properly disposed in such a machine, may
produce as violent an effort as a bullet of twice its

weight, moving with a velocity of 14or 1500 fefct

in I*.

PROP. XII.

To ascertain the Manner in which the Flame of
Powder impels a Ball, which is laid at a coh-

sidemble Distancefrom the Charge.
• • •

.

the greatest interval, however, has not amounted
to more than about -J inch, from the hinder part

of the bullet to the nearest part of the powder

;

and, in these cases, we have seen, that the theory

agreed very well with the experiments : but if a

bullet be placed at a greater distance frorn the

powder, suppose at 12, IS, or 24 inches, we can-

not then apply to the motion of this ball the same
principles which, in the 7th proposition, we have
•applied to such as are contiguous to the powder,

or nearly so; for we have seen, in the last proposi-

tion, that, when the surface of the fired powder is

not cbnfined by a heavy body, which it is obliged

to impel before it, the flame dilates Itself with a
velocity much beyond what it can at any time

communicate to a bullet by its continued pressure
;

consequently, as in the distance of 1G, 18, or 24
inches, the powder will have acquired a consider-

able degree of this velocity of expansion, the first

motion of the ball will not be produced by the

i continued
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continued pressure of the powder, but by the ac-

tual percussion of the flame; and it will therefore

begin to move with a quantity of motion propor-
tioned to the quantity of this flame, and the velo-

cities of its respective parts.

From hence then it follows, that the velocity of
a bullet, laid a considerable distance before the
charge, ought to be greater, than what would be
communicated to ic by the pressure of the.powder
acting in the manner described in the 7th iproposir

tion ; and :this deduction from our theory .we ..have

confirmed by manifold experience ; by which
have found,* that. a. ball laid in the barrel A, with
its hiuder part inches from its breech, and, im-
pelled by 12dw. of powder, has acquired on it$

discharge a velocity of about 1400 feet in T;
when, if it had been acted on by the pressure of
the flame only, it would not have acquired a velo-

city of 1200 feet in 1". The same we have found
to hold true in all other greater distances, (and
also in lesser, though not to the same degree) and
in all quantities of powder. And we have likewise

found, that these effects nearly qorrosporid with
whatiMoas laid down in the last proposition about
the velocity of expansion, and the elastic and une-
lastic parts of the flame.

And from hence too arises another consideration
of great consequence in the practice of Gunnery <;

which is, that no bullet should at any time bp
placed at any considerable distance before the

charge, unless the piece be extremely
;
fortified ; for

a moderate charge of powder, when it has ex-
panded itself through the vacant space, and
reaches the ball, will, by the velocity each part has
acquired, accumulate itself behind the ball, and
willi thereby be condensed prodigiously ;

.whence, if

the barrel be not of an extraordinary firmness in

that part, .it must by this reinforced elasticity of

the powder, infallably burst. The truth .of this

H 2 , reasonin
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. reasoning I have experienced in an exceeding good

/ 7b»>er-musquet, forged of very tough iron ; for

charging it with 12dw. of powder^ and placing the

ball 16 inches from the breech, on the firing it, the

part of the barrel just behind the bullet was swelled

out to double its diameter, like a blown bladder,

and two large pieces, of two inches long, were
burst out of it.

Having seen that the entire motion of a bullet,

laid at a considerable distance from the charge, is

acquired by two different methods, in which the

?owder acts on it ; the first being the percussion

of the parts of the flame, with the velocity they

had respectively acqui red by expanding; the se-

cond, the continued pressure of the flame through
the remaining part of the barrel; I endeavoured to

separate these different actions, and to retain that

only, which arose from the continued pressure of

the flame. For this purpose, I no longer placed

the powder at the breech, from whence it Would
have full scope for its expansion, buft I scattered it

as uniformly as I could, through the whole cavity

left behind the bullet; imagining that, by this

means, the progressive velocity of the flame-in each
part would be prevented by the expansion of the

neighbouring parts : and I found, that the ball be-

ing laid 1 1-^ inches from the breech, its velocity,

instead of 1400 feet in 1", which it acquired in the

last experiments, was now no more than 1 100 feet

in 1" ; which is 100 feet short of what, according
to the theory, should arise from the continued
pressure of the powder only.

The reason of this deficiency was, doubtless, the
intestine motion of the flame ; for the accension of
the powder, thus distributed through so much a
larger space than what it could fill, must have
produced many reverberations and pulsations of
the flame ; and from these internal agitations of
the fluid, its pressure on the containing surface

will
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will (as is the case in all other fluids) be consider-

ably diminished ; and it has been in order to avofd

this irregularity, that in all the experiments I have

made, 1 have taken particular care to have the

powder closely confined in as small a space as pos-

sible, even when the bullet lay at some little dis-

tance from it.

PROP. XIII,

To enumerate the various Kinds of Powder, and
to describe the properest Methods of examin-
ing its Goodness.

The powder, we have hitherto considered, is

supposed to be such as is made for the service of
the government

;
but, besides this, there are many

other kinds, some better and some worse, which I

here propose to enumerate, as far as they have
come to my knowledge.

Hut, first, I must premise, that the government
powder, if properly wrought, is, I believe, nearly

as good as any powder made for general use. I

have examined it with great care, and have com-
pared it with other powders made here in England,
which are esteemed the best, such as the Battle,

<§t. and I cannot find any sensible difference be-

tween them. I have likewise compared it, in frp-

quent trials, with some Spanish powder, ta-ken out
of the St. Jago prize; and though, if I were to give

my opinion, I should rather believe the Spanish
powder the better of the two, yet so small an ine-

quality as a fiftieth or sixtieth "part, which is the

most, that the difference between them can
amount to, is too little to be ascertained with ab-

solute certainty, i conceive too, by comparing
the experiments of others with my own, that the

French powder is little different from ours; ?L
though I cannot be so certain on this head as J
could wish, having never been able to procure any

11 3 of
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of their powder myself. But it must be remern-

bered, that when I speak of our government pow-
der, it must be vhat is supposed to be made of the

standard proportion of materials, and properly

wrought ; for such was the powder I made use of.

The strongest powder, I have yet met with, is

some which I am told was made in Holland ; its

force, compared with that of Qur government pow-
der, is nearly as 5 to 4. But this powder is un-

doubtedly made of the choicest picked materials,

and is probably wrought up with spirits ; so that

quantities of it could not be made, but at a much
greater expfence, than what would be repaid by its

additional strength. • •

The nex,t best powder, that has come to my
hands, is a powder made in Portugal, under the

direction of a Dutchman, who some years since

established powder-mills near Lisbon. This is in

strength inferior to the Dutch powder last men-
tioned ; but is however nearer to that than to our

government powder.

The common sale powder here in England, such

as is to be had at efvery grocer's, is much worse

than the government or the battle powder, and
extremely various, according to the caprice of the

maker. I have tried some, whose strength has been
in proportion to the government powder, as 2 to

3 nearly, and other parcels have been still worse

;

but the worst of all is the powder made for the

African trade, usually styled Guinea powder : but
these weaker powders are not worth examination,

as there is no established standard for their com-
position.

Now these differences in the strength of powder
may arise from three causes ; either from the qua-

lity of the materials, from the proportion observed

in their mixture, or from the manner of working
them together.

Powder, as is generally known, is composed of
saltpetre,
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saltpetre, sulphur, and charcoal : of these materials

the sulphur and charcoal are much the cheapest

;

and though there arc peculiar kinds ofthese, which
are fittest for this purpose, yet the expence of hav-

ing the very best is so small, when compared to

the whole cost of the powder, that it is strange if

powder, which would be otherwise good, is spoiled

by bad sulphur or charcoal.

The most expensive part of the composition,and

consequently the part to which the defects of

powder arc oftner owing, is the saltpetre. This is

a substance imbibed by the earth from the air; for.

a quantity of earth, which has had its saltpetre

washed out of it, will, when it has been exposed

to the air for some time, produce saltpetre again

;

^nd this as often as the experiment shall be re-

peated. .

'

Saltpetre is of itself an uninflammable substance;

for if it be placed in the most violent fire, it only

melts, and never flames, provided no combustible

matter is permitted to mix with it : but though of

itself, unmixed with other bodies, it will neither

flame nor burn
;
yet, if it be joined with burning

substances, it prodigiously augments the violence

of their burning ; performing, in this case, what
the air, forcibly mixed with fire by the -blast of a
pair of bellows, does in a much inferior degree.

Powder then being a mixture of sulphur and
charcoal, which are very inflammable substances,

with saltpetre, which in itself is not, if the salt-

petre be too much in quantity, when compared
with the other two, their burning may not be suf-

ficient to consume the whole of the saltpetre;

whence the fire may be less violent, and conse-

quently (according to what we have observed in

the 10th proposition) the powder less vigorous,

than if some of the saltpetre was taken away, and
a like quantity of the other materials were added
in its stead. On the other hand, if the saltpetre

II 4 in /
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in the composition be less than what the burning
of the other two substances can easily consume,
the fire will be less active than it ought to be ; be-

cause it is not augmented so much as it would be,

if a larger quantity of saltpetre had been added to

the composition.

Hence then it appears, that the goodness of
powder is not to be estimated only from the quan-
tity of saltpetre contained in it, although that sub-

stance seems to be the basis of the elastic fluid,

in which its force consists ; for since the convert-

ing of the saltpetre into that fluid, and the elasti-

city of the fluid afterwards, depend in some mea-
sure on the violence of the fire produced at the ex-

plosion, it is plain that there is a certain propor-

tion in the mixture of the materials, which will best

contribute to this purpose, and consequently to

the perfection of the powder.
,

What this proportion is, has been ascertained by
experience ; and it seems now to be generally

agreed, that in any quantity of powder ^ of it

should be saltpetre, the remaining i consisting of
equal quantities of sulphur and charcoal. - This is

the proportion followed by. tht French, and I be-

lieve by most nations in Europe ; we indeed pre-

tend to a greater degree of nicety in oiir propor-

tions ;
though I am told they do not greatly differ

from what I have mentioned ; nor am I convinced
that they are preferable : this I am sure of, that no
methods of proving powder, hitherto generally

practised in England, could at all ascertain the

difference ; and other powders, made with the

usual proportions, are no whit inferior to ours.

But it is not the due proportion of the materials

only, which is necessary to the making of good
powder ; another circumstance, not less essential,

is the mixing them well together ; if this be not ef-

fectually done, some parts of the composition will

have too much saltpetre in them, and others too

little;
*
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little; and in either case there will be a loss of
strength in the powder.

As the excellency of powder then depends on so

many particulars, in tlx? quality and quantity of
the materials, and in the working them together

;

it is doubtless of great importance, that those who
receive the public stores should have it in their

power to satisfy themselves about the goodness of
what is delivered to them. The method most
commonly followed for this purpose, here with

us, is (if I am rightly informed) to fire a small heap
of it on a clean board, and to attend nicely to the

flame and smoke it produces, as likewise to the

marks it leaves behind it on the table; from all

which instructive particulars the merit of the pow-
der is ascertained with great accuracy, as is pre-

tended : but besides this uncertain method, which
I presume (how much soever it may be practised)

none will seriously undertake to defend, there are,

on particular occasions, other contrivances macle

use of; all which bear some analogy to the com-
mon powder- triers, sold at the shops

;
only they

are more artfully fabricated, and instead of a spring

they move a weight, which is a more certain and
equable power.

But these machines, though more perfect than

the common powder-triers, are yet liable to great

irregularities ; for as they are all moved by the in-

stantaneous stroke of the flame, and not by its

continued pressure, they do not determine the

force of the fired powder with that certainty and
uniformity, which were to be desired in these kinds

of trials: and therefore I cannot but think the

method followed by the French^ in the receiving

of powders from the makers, to be much better.

Their practice is thus.

They have, in each magazine, a small mortar
fcast, with its bed, according to a determined pat-

tern, which is the same throughout the kingdom

:

this
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this mortar is always pointed at 45°, and it con-
tains just three ounces of powder ; and it is a
standing maxim, that no powder can be received

into their stores, unless three ounces of it, placed

in the chamber of this rnortaj, throws a solid ball,

of 7z inches diameter, to the distance of at least

55 French fathom.

It has been objected to this method, that if each
barrel of powder was to be proved in this manner,

the trouble of charging the mortar, and bringing

back the ball each time, would be intolerable, ana
the delay so great, that no business of this kind
could ever be finished ; and if a number of barrels

are received on the merit of a few, it is great odds
but some bad ones will be amongst them, which
may prove a great disappointment in time of ser-

vice. Add to this another exception, which to

me has much more weight; and that is, the mon-
strous disproportion between the weight of the ball

and the powder that projects it ; so that the pow-
der continues in action a longer time, and expands
through a much larger space, in proportion to its

quantities in these trials, than it ever does in any
real service ; whence it happens, that the vapour
cools, and great part of it escapes through the

touch-hole, or by the side of the bullet ; so that

the quantity of motion produced by the explosion

is, in this instance, but little more than half of
what it ought to be, if the powder acted on the

ball with its full force undiminished by these accU
dents

;
consequently, as this diminution of force

may not be always constant, the action of the

same powder, by the varying of these adventitious

circumstances, may, at different times, convey
the ball to different distances.

Now this last exception docs no ways hold

against the method by which I have tried the com-
parative strength of different kinds of powder,

which has been by the actual velocity given to a
bullet.
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bullet, by such a quantity of powder as is usually

esteemed a proper charge for the piece : and as this

velocity, however great; is easily discovered by
the motion, which the pendulum acquire? from the

stroke of the bullet, (according to the principles

laid down above) it might seem a good amend-
ment to the method used by the French, to in-

troduce this trial by the pendulum instead of it.

But though I am satisfied, that this would be

much more accurate, less laborious, and readier

than the other, yet, as there is some little atten-

tion and caution required in this practice, which
might render it of less dispatch .than might be

convenient, when a great number of barrels were
to be separately tried, I should myself chuse to

practise another method not less certain, but pro-

digiously more expeditious ; so that I could en-

gage, that the weighing out of a small parcel of

powder from each barrel should be the greatest

part of the labour
;
and, doubtless, three or four

hands could, by this means, examine 500 barrels

in a morning
;

besides, the machines for thispur-

pose, as they might be made of cast iron, would

be so' very cheap, that they might be multiplied

at pleasure. However, I shall defer the descrip-

tion of this method at present, and shall proceed

to the consideration of the resistance of the air, a

subject of the greatest importance to the perfection

of gunnery.*

#

v

* CHAP.

* Other eprouvettcs have been since devised, which will be

noticed hereafter. H.
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CHAP, II.

Of the Resistance of the Air, and of the

Track described by the Flight of Shot and
Shells.

IJefore I more minutely discuss the subject of
tliis chapter, it is necessary to premise, that the

greatest part of authors have established it as a
certain rule, that whilst the same body moves in

the samfc medium, it is always resisted in the du-
plicate proportion of its velocitv ; that is, if the re-

sisted body move in one part ot its track with three

times the velocity, with which it moved in some
other part, then its resistance to the greater velo-

city will be nine times the resistance to the lesser.

If the velocity in one place be* four times the velq*

city in another, the resistance to the greater velo-

city will be sixteen times the resistance to the les-

seT, and so on. This rule, though excessively er-

roneous, (as we shall hereafter shew) when taken

in a general sense, is yet undoubtedly very near

the truth, when confined within certain limits;

and therefore, in our future dispositions, we shall

suppose, that in all small changes of velocity in

the resisting body, it docs accurately hold true; so

that when we speak hereafter of the resistance of
the medium being increased or diminished by "the

varying of the velocity, we shall not hereby in-

clude that increase or diminution, which ought to

take place according, to this law, but shall thereby

intend a resistance, greater or jess than what the

moving body ought to undergo from the applica-

tion of this principle; that is, we shall thereby un-
derstand an increase or diminution in the resisting

power, of the medium, similar to what might be

occasioned
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occasioned by increasing or diminishing its den-

sity ; the principal purport of our present attempt

being to evince, that according to the different

compression or' the medium, or the different degree

of velocity in the moving body, such changes may
arise in the resisting power of the medium, as could

scarcely be effected, according to the principles

commonly received on this subject, by a treble

augmentation of its density. This we doubt not

irrefragably to confirm in the following disserta-

tion.

.
' PROP. I.

• *
'

To describe the general principles of the Resist-

ance of Fluids to solid Bodies moving in them.

In order to conceive the resistance of fluids to a
body moving in thein, it is necessary to distin-

guish between those fluids, which being compress-

ed by some incumbent weight, perpetually close

up the space deserted by the body in motion, with-

out permitting for an instant any vacuity to remain
behind it; and those fluids in which (they being

not sufficiently compressed) the space left behind
the moving body remains for some time empty.

These differences, in the resisting fluids, will occa-

sion very remarkable varieties in the laws of their

resistance, and are absolutely necessary to be con-
sidered in the determination of the action of the

air on shot or shells; for the air partakes of both
these affections, according to the different veloci-

ties of the projected body.

If a fluid was so constituted, that all the parti-

cles composing it were at some distance from each

other, and there was no action between them; then

the resistance of a body moving therein would be

easily computed, from the quantity of motion com-
municated to these particles : for instance, if a cy-

linder
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lmcler moved in such a fluid in the direction of it*

axis, it would communicate to the particles it met
with a velocity equal to its own, and in its own
direction, supposing that neither the cylinder, nor
the parts of the fluid, were elastic

;
whence, if the

velocity and diameter of the cylinder be known,
and also the density of the fluid, there would
thence be determined the quantity of motion com-
municated to the fluid, which (action and re-action

being equal) is, the same with the quantity lost by
the cylinder, consequently the resistance would be
hereby ascertained.

In this kind of discontinued fluid, the particles

being detached from each other, every one of them
can pursue its own motion in any direction, at least

for some time, independent of the neighbouring
ones; wherefore, if, instead of a cylinder moving
in the direction of its axis, a body, with a surface

oblique to its direction, be supposed to move in

such a fluid, the motion the parts of the fluid will

hereby acquire, will not be in the direction of the

Tesisted body, hut perpendicular to its oblique

surface : whence the resistance to such a body will

not be estimated from the whole motion communi-
cated to the particles of the fluid, but from that

part of it only, which is in the direction of the re-

sisted body. In fluids then, where the parts are

thus discontinued from each other, the different

obliquities of that surface, which goes foremost,

will occasion considerable changes in the resist-

ance, although the section of the solid by a plam
perpendicular to its direction should in all cases be
the same. And Sir Isaac Nezvton has particularly

determined, that in a fluid thus constituted, the

resistance of a globe is but half the resistance of
a cylinder of the same diameter, moving in the di-

rection of its axis with the same velocity.

But though the hypothesis of a fluid, thus constir

tuted, be of great nse in explaining the nature of
resistances;

/
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resistances; yet, in reality, no- such fluid does exist

within our knowledge: all the fluid*, with which
we are conversant, are so formed, that their parti-

cles either lie contiguous' to each other, or at least

act on each other in the same manner as if they

did
;
consequently, in these fluids, no oire panicle,

contiguous to the resisted body, can be moved,
without moving: at the same time a s:reat number
of 'others, some of which will be distant from it

;

and the motion thus communicated to a mass-6f
• the fluid, will not be in any one determined <Hrec-

tion, but will in each particle be different; accord-

ing to the different manner in which it lies in con-

tact with those from whence it receives its inip'tttstf

whence, great number* of the panicles hein<* di-

verted into oblique directions, the resistance of

the moving body, which depend on the quan-
tity of motion commntrfcated to the fluid in its

• asm direction/ will M hereby different in quantity,
• frotn what it would be in the preceding supposi-
J

tion, and its estfrriafion becomes much more com-
' plicated

J

a^d operose.

If the $uid be compressed by the incumbent
weight of its upper parts (as all fluids are with us,

'except at 'their" very surface) and if the velocity o f

the moving body be much less than that with

which the parts ofthe fluid would rush into a void

^pace, in consequence of their compression, -it is

evident, that in this case the space left by the

moving 'body will 'be instantaneously filled up by

the fluid, and the parts of the fluid against which
the foremost 'patt of the body presses in its mo-
tion, will, instead of being impelled forwards in

the direction of the body, circulate in some mea-
sure towards the hinder part of the body, thereby

to restore the equilibrium, which 'the constant in-

'ftlix of the fluid behind the body would otherwise,

destroy; whence the progressive motion of ttye

fluid, and consequently the resistance of the body,
j**'

which
\

" 9

I • *»
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which depends thereon, would be in this instance

much less than in our first hypothesis, where each
particle was supposed to acquire, from the stroke

of the existing body, a velocity equal to that with
which the body moved, and in the same direction*

Sir Isaac Netvto?i has determined, that the resist-

ance to a cylinder moving in the direction of its

axis, in such a compressed fluid,* as we have here

treated of, is but one fourth part of the resistance,

which the same cylinder would undergo, if it

moved with the same velocity in a fluid constituted

in the manner we have described in our first hypo-
thesis, each fluid being supposed to be of the same
density.

But again, it is not only in the quantity of their

resistance that these fluids differ, but likewise in

the different manner in which they act on solids of
different forms moving in them.

We have shewn, that in the discontinued fluid,

which we first described, the obliquity of the fore-/

most surface of the moving body would dimmish
the resistance; but in compressed fluids this holds
not true, at least not in any considerable degree

;

for the principal resistance in compressed fluids

arises from the greater or lesser facility, with which
the fluid, impelled by the fore part of the body,

can circulate towards its hindermost part; and this

being little, if at all, affected by the form of the
moving body, whether it be cylindrical, conical,

or spherical, it follows, that while the fransverse,

section of the body, and consequently the quan-
tity of impelled fluid be the same, the change of
its figure will scarcely affect the quantity of its re-

sistance.

And this case, that is, the resistance of a com-
pressed fluid to a solid, moving in it with a velo-

city much less than what the parts of the fluid

would acquire from their compression : this case,

I say, has been veiy fully considered by Sir Isaac
Newton,
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Newton, whohas ascertained the quantity of such

a resistance according to the different magnitudes

of the moving body, and the density of the fluid.

But he very expressly informs us, that the rules he

has laid down are not generally true, but upon a

supposition that the compression of the fluid be

increased in the greater velocities of the moving
body : however, some unskilful writers who have
followed him, overlooking this caution, have ap-

plied his determinations, to bodies, moving with

all kinds of velocities, without attending to the

different compressions of the fluids they were n>
sisted by ; and by this means they have accounted

the resistance of the air to musket and cannon-shot

to be but one third part, of what I have found it

by experience.

Indeed, from all we have said, it appears plain

enough, that the resisting power of tne mediuni

must be increased, when the resisting body moves
so fast, that the fluid cannot instantaneously press

in behind it, and fill the deserted space; for when
this happens, the bojrly will be deprived of the

pressure of the fluid behind it, whlth in some
measure ballances its- resistance, and must support

on its fore part the whole weight of a column of
the fluid, independent of the motion it gives to

the parts of the fluid; and besides, the motion in

the particles driven before the body is, in this case;

less affected by the compression of the fluid, and

, consequently they are less deflected from the di-

rection, in which they are impelled by the resisted

surface ; whence this species of resistance ap-

proaches more and more to that described in our

first hypothesis, where each particle of the fluid

being unconnected with the neighbouring ones,

pursued its own motion, in its own direction, with-

out being interrupted or deflected by.the^r conti-

guity; and therefore, as we before observed, that

the resistance of a discontinued fluid to a cylin-

» I der, ^
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der, moving in the direction of its axis, was fou"

times greater than the resistance of a fluid suflici

ently compressed of the same density, it follows,

that the resistance of a fluid, wheu a vacuity is

left behind the moving body, may be near four

times greater than that of the same fluid, when
no such vacuity is formed ; for when a void space

is thus left, we have shewn the resistance to ap-

proach in its nature to that of a discontinued fluid.

This then may probably be the case in a cy-
linder moving in the same compressed fluid, ac-

cording to the different degrees of its velocity ; so

that if it set out with a great velocity, and moves
in the fluid till that velocity be much diminished,

the resisting power of the medium may be near

four times greater in the beginning of its motion
than in the end. In a globe the difference will not

i be so great, because on account of its oblique sur-

face, its resistance in a discontinued medium is but
about twice as much as in one properly compressed

;

for its oblique surface diminishes its resistance in

one case and not in the other : however, as the

compression of the medium, even when a vacuity

is left behind the moving body, may yet confine

the oblique motion of the parts of the fluid, which
are driven before the body, and as in an elastic

fluid (as is our air) there will be some'degree of
condensation in those parts, it is highly probable,

that the resistance of a globe, moving in a com-
pressed fluid with a very great velocity, will be
between that of a globe and of a cylinder, in a dis-

continued medium ; that is, (in proportion to its

velocity) we may suppose it to be more than twice,

and less than four times the resistance of the same
globe, moving slowly through the same medium

;

whence, perhaps, we shall not much err in sup-
posing the globe in its swiftest motions to be re-

sisted near three times more, in proportion to its

velocity, than when it is slowest.

And
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* And as this increase of the resisting power of
the medium will take place, when the velocity of
the moving body is so great, that a perfect vacuity
is left behind it, so some degree of augmentation

. will be sensible in velocities much short of this;

for even when, by the compression of the fluid, the

space left behind the body is instantaneously filled

up, yet if the velocity, with which the^parts of the

fluid rush in behind, is not much greater than that,

with which the body moves, the same reasons we
have urged above, in the case of an absolute va-

cuity, will hold in a less degree in this instance;

and therefore we are not to suppose, that the in-

creased resistance, which we have hitherto treated

of, immediately vanishes, when the compression of
the fluid is just sufficient to prevent a vacuum be-*

hind the resisted body ; but we must consider it as

diminishing only, according as the velocity, with
which the parts of the fluid follow the body, ex-

ceeds that, with which the body moves.

Hence then we conclude, that if a globe sets

out in a resisting medium, with a velocity much
exceeding that with which the particles of the me-
dium would rush into a void space, in consequence
of their compression, so that a vacuum is necessa-

rily left behind the globe in its motion, the re-

sistance of this medium to the globe will be near

three times greater, in proportion to its velocity,

than what we are sure, from Sir Isaac Newton,
would take place in a slower motion. We*may
farther conclude, that the resisting power of the

medium will gradually diminish, as the velocity

of the globe decreases, till at last; when it moves
with velocities, which bear but a small proportion

to that, with which the particles of the medium
follow it, the resistance become$ the same with

what is assigned by Sir Isaac Newton in the case

of a compressed fluid. v i

And from this determination we tfiay learn, hovy

1 2 false
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false that position is, which asserts the resistance

of any medium to be in the duplicate si
.r

appears, by what we have said, that this can only

be considered as nearly true in some variations of
velocity; and can never be applied iti the compa-
ring together the resistances to all velocities what-

ever without the most enormous errors.

These principles being laid down, we shall next
proceed to an experimental examination of the re-

sistance of the air in particular, both in order thence

to evince how nearly these speculations agree to

the real observed action of fluids, and likewise to

shew, how egregiously all those theorists have been
mistaken, who have conceived, that the resistance

of the air to shellg and shot of all kinds was scarcely

worthy of attention.

PROP. II.

To determine the resistance of the air to pro-
jectiles by experiments.

11 v means of the machine described in the 8th
proposition, I have it in my power to determine
the velocity, with which a ball moves in any part

of its track, provided I can direct the piece so as

to cause the bullet to impinge on the pendulum
placed in that part ; and therefore charging a mus-
ket-barrel three times successively with a leaden

ball of i of an inch diameter, and about' half its

weight of powder, and taking such precaution in

the weighing of the powder, and placing it, that

I was assured, by many previous trials, that the
velocity of the "ball could not differ by 20 feet in

r from its medium quantity, I fired it against the
pendulum placed at 25 feet, at 75 feet, and at 125
feet distance from the mouth of the piece respec-

tively ; and I found that it impinged against the
pendulum in the first case with a velocity of 1670

feet
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feet in r, in the second case with a velocity of
1550 feet in 1V and in the third case with a ve*

locity of 1426 feet in J"; so that in passing,through
50 feet of air, the bullet lost a velocity of alxmt
120 or J25 feet in l

0
;»aud the time of its passing

through that space being about^ or of 1", the
medium quantity of resistance must, in these in*

stances, have been about ISO, times the weight of
the bail, which (as the ball was nearly ^ of a
pound) amounts to about 101b. avoirdupbis.

Now if a computation be made according to the
method laid down for compressed fluids in the 38th
proposition, Kb. & of Sir Isaac Newton*$ jPriw-

cipia, supposing the weight of water 'to be to thd

weight of air, as 850 to 1, it will be found, that

the resistance to a sjlobe of \ of an inch diameter,,

moving with a velocity of about 1j600 feet ik
1", will not, on those ; principles,- amount to any
more than a force of 441b. avoirdupois; wheniee,

as we know, that the rules contained in that pro*,

position are very accurate in slow motions, we may
hence conclude, that the resisting power of the air*

in slow motions is less than in swift motions in the
ratio of 4^ to U), a proportion between that of 1

to 2 and 1 to 3. * «.*<-.

Again, I charged the same piece, a number of
times, with equal quantities of powder, and balls

of the same weight, taking all possible care to

give to every shot an equal velocity ; and firing

three tim^ against the pendulum, placed £5 feet

only dist^flft from the mouth of the piece, the

mediuih of the velocities with which the ball im-
pinged, was nearly that of 1690 feet in 1": then
removing the piece- 175 feet from the pendulum,
I found, taking the medium of five shots, that the

velocity with which the ball impinged, at this dis-

tance, Was that of 1300 feet in V; whence the
ball, in passing through 150 feet of air, lost a
vdocity of about 390 feet in V; and the resist-

I 3 acce
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knee computed from these numbers comes out
something more than in the preceding instance, it

amounting here to between 11 and 12 pounds,

avoirdupois ; whence, according to these experi-

ments, the resisting power of the air to swift mo-
tions is greater than in slow ones in a ratio, which
approaches nearer to the ratio , of 3 to 1, than in

the preceding experiments.

Having thus ascertained the resistance to a ve-

locity ofviiearty 1700 feet in 1", which must be al-

lowed to he more than sufficient for leaving a
vacuum behind the ball, I next examined the re-

sistance to smaller velocities; and for this purpose

I chargdd the Same barrel with balls of the same
diameter, but with less powder; and placing the .

pendulum at 25 feet distance from the piece, I

fired .against it five times with an equal charge
eachitfme; the medium velocity, with- -which the

balHmpinged, was that of 1180 feet in T; then
pempving the pendulum to the : distance . of 250
feetv the medium velocity of five shots made at

this :distancc was that of 950 feet in T; whence
the ball, in passing through 225 feet of air, lost

a velocity of 230 feet in I"; and as it passed

through that interval in about of T, the resist-

ance to the middle velocity will come out to be
near 334- times the gravity of the ball, or 2lb.

lOoz. avoirdupois. Now the resistance to the

same velocity, according to the laws • observed in
slower motions, amounts to TV of the same quan-
tity; whence, in a velocity of J 065 feet in r,
the resisting power of the air is augmented in no
greater a proportion than that of 7 to 1 1 ; whereas
we have seen, in the former experiments, that to

still greater degrees of velocity, the augmentation,
approached very near tb the ratio of 1 to 3.

But farther I fired three shot, of the same size

and weight with those already mentioned, over a
large piece of water ; so that their dropping into*

the

*
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the water being very discernible, both the distance

and time of their flight might be accurately as-

certained ; each shot was discharged with a velo-

city of 400 feet in 1"; and I had satisfied myself,

by many previous trials of the same charge with
the pendulum, that I could rely on this velocity

to 10 feet in 1% The first shot flew 313 yards
in 4"t, the second flew 319 yards in 4", and the

third 373 yards in 5"?. According to the theory
of resistance established for slow motions, the first

shot ought to have spent no more than 3",2, # in its

flight, the second 3", 28, and the third 4*; whence
it is evident, , that every shot was retarded consi-

derably more than it ought to have been, had that

theory taken place in its motion : consequently,

the resisting power of the air is very sensibly in-

creased, even in so small a velocity as that of 400
feet in 1".

From all that we have related then, it appears,,

that the theory of the resistance of the air, esta-

blished in slow motions by Sir Isaac Newton, and
confirmed by many experiments, is altogether er-*

roneous, when applied to the swifter motions of
musket or cannon-shot ; for that, in these cases,

the resisting power of the medium is augmented
to near three f times the quantity assigned by that

I 4 theory

;

* The force being inversely as the square of the time, and
3.2* : 4.25* : : 10 : 17.6 ; therefore the increase is here from
10 to 17,6, or from 1 to 1,76 or 1J nearly : that is, to the

velocity of 313 yards or 939 feet per second, the actual resist-

ance was about 1| of that computed by the square of the Telo-

city. And this nearly agrees with what I have found by experi-

ment with cannon balls ; as may be perceived in page 365, yol.ii.

of my Philosophical Dictionary. H.

t The increase to three times the quantity is certainly too

great, both according to Mr. Robins's foregoing experiments, and

to my own, made with cannon-balls. Indeed, Mr. Robins's are

not exactly conformable to each other, made at different times,

with velocities either equal or unequal, and thus manifesting some

degree of inaccuracy in the experiments, as might be expected

1 4 from
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theory; that, however, this increased power of
resistance deminishes as the velocity of the resisted

body diminishes, till at length, when the motioa
is sufficiently abated, the actual resistance coincides

with that supposed in the theory ; that therefore

the resistance is not in the duplicate proportion of
the velocity of the moving body, as is usually as-

serted, but varies from that proportion according
to the different compression of the fluid compared
with the velocity; consequently, from the consi-

deration of these particulars, we may venture to

assert, that whilst the resistance of the air was
thus imperfectly and faultily conceived, the track

Of musket ^and cannon shot through that medium
could ftot be ascertained with the least degree of
certainty ; and .therefore the art of gunnery could
not hut continue extremely imperfect ; however, it

is not sufficient to have shewn the resistance to be
augmented itt great velocities, beyond what has

been usually supposed ; but, that we may be enabled
inOre definitely to compute the motion of projec-

tiles, it is necessary that we should assign the rate

of this augritentation according to the different ve-

locities ofthe resisted body. This shall be the sub-
ject of our next proposition.
' ...... ..•,.'> ''jr.

PROP. III.

To assign the different augmentations of the re-

sisting poxcer vfthetiir avcortfing to the Affer-
ent velocities of the resisted body:

As no large shot are ever projected in practice

with velocities exceeding that of 1700 feet in 1Y
I have

• *

from hlfc matther of taakmg them Wkli <*ftt? musket foils, and
with machinery less perfect than mine, made with caffndh ball*.

However, the greatest increase that Mr. ftobtos found, in pag*

13$, is onty 4| to 10, or 1 to 2|, cOttstderably short of 1 to

& ; wheYea* the greatest increase m my experiments, is -rather

Short of 1 to 2V*. H.
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I have not as yet made any experiments on the.

resistance of bodies which have moved with a
swifter motion than this* esteeming the determi-

nation of the variation of the resistance to all les-

ser velocities, to be sufficient for the purposes of
this treatise*

According to the trials I have made, the resist-

ing power of the air to velocities less than that of

1700 feet in 1", may be thus nearly exhibited :

A C B , D

Let AB be taken to AC in the ratio of t\\e velocity

of 1700 feet in 1", to the given velocity to which
the resisting power of the air is required ; conti-

nue the line AB to D, so that BD may be to AD,
as the fesisting power of the air to slow motions
is to its resisting power to a velocity of 1706
feet in 1*, then shall CD be to AD, as the re-

sisting power of the air to slow motions, is to its

resisting power to the given velocity represented

by AC*
»

PROP. IV.

redetermine the velocities with which musket and
cannon-shot are dischargedfrom their-respect-

ive pieces by their usual Motrmnt ofpowder.

From the computations of the 7th proposition of
the 1st chapter, confirmed by (the succeeding ex-
periments, it plainly appears, that a leaden ball of

T«f an inch in diameter, and weighing nearly

lioz. avoirdupois, if it be fired from a barrel of
45 inches in length, with half its weight of pow-
der, will issue from that piece witha velocity which,*

•
'

: • if

* Instead of this rule, if we employ the actual resistance sei

down for erery degree of Telocity, in my general table quoted
fat Hie two preceding notes, we shall come nearer the troth. H.

1
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if it were uniformly continued, would carry it near

1700 feet ml".
If instead of a leaden ball, an iron one of the

same diameter was placed in the same situation in

the same piece, and was. impelled by the same
quantity of powder, the velocity of such an iron

bullet would be greater than that of the leaden

one, in the subdupiicate ratio of the speci6c gra-

vities of lead and iron ; and supposing that ratio

to be as 3 to 2, and computing on the principles

laid down in the last-cited proposition, it will ap-

pear, thiat an iron bullet of 24lb. weight, shot

from a piece of 10 feet in length, with 161b. of
powder; will acquire from the explosion a velo-

city which, if uniformly continued, would carry

it nearly 1650 feet in 1". -

This is the velocity which, according to our
theory, a cannon-ball of 24lb. weight is discharg-

ed with, when it is impelled by a full charge of
powder; but if, instead of a quantity of powder
weighing two-thirds of the ball, we suppose the

charge to be only half the weight of the ball, then
its velocity will, on the same principles, be no more
than at the rate of 1490 feet in 1"; and the same
would be the velocities of every lesser bullet, fired

with the same proportions of pbwder, ifthe lengths

of all pieces were constantly, in. the same ratio with
the diameters of their boye: and although, ac-

cording to the usual dimensions of the smaller

pieces of artillery, this proportion does wot always
hold, yet the difference is not considerable enough
to occasion a very great variation from the Veloci-

ties here assigned ; as will be obvious to any one,

who shall make a computation thereon.

But in these determinations, we suppose the
windage to be no more, than is just necessary for

the easy putting down the bullet
; whereas, in real

service, either through negligence or unskilfulness,

it often happens, that the diameter of the bore so

1 much
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much exceeds the diameter of the bullet, that great

part of the inflamed fluid escapes by its side )

whence the velocity of the shot, in this case, may
be considerably less than what we have assigned.

However, part of this may possibly be compen-
sated by the greater heat, which (as we have ob-

served in the sixth proposition) in all probability

attends the firing of these large quantities ofpow-
der.

COROLLARY.
» - *

From the.great velocity of cannon-shot, assign-

ed in this proposition we may clear up that diffi*

culty, which has driven some writers, on the com-
mon theory of gunnery, into a very extraordinary

hypothesis. - The difficulty, I mean, is. the extent

of the supposed point-blank shot, or the distance

to which it is conceived to fly in a straight line.

Our Anderson having found, by many experiments,

that the track of shells and bullets, in the first

part of their motion, was much less incurvated,

than what it ought to be on the principles of

Galileo, when compared with, the distant ranges,

til7I#
r 1

pelled to a certain distance from the mouth of the

piece, in a straight line, or that for some distance

it was no ways affected by the action of gravity.

By this means he defended, as he thought, the

hypothesis of a parabolic motion, and at the same
time assented to the vulgar opinion of the prac-

tical writers, who, in general, asserted the same
thing. But could no better account be given of

his experiments, it would yet be unnecessary, I

presume, formally to confute so strange a suppo-

sition as that of the suspension of the action ,of

gravity. Indeed, Anderson was deceived, by his

not knowing how greatly the primitive velocity of
the
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the heaviest shot is diminished in the course of its

flight by the resistance of the air. And the received

opinion of practical gunners, is not more difficult

to account for, since, when they agree, that every

shot flies in a straight line to a certain distance

from the piece, which imaginary distance they

have denominated the extent of the point-blank

shot, we need only suppose, that within that dis-

tance, which they thus determine, the deviation

of the path of the shot from a straight line is not

very perceptible in their method of pointing. Now,
as a shot of 24lb. fired with two thirds of its

weight in powder, will, at tne » distance of 500
yards from the piece, be separated from the line

of its original direction, by an angle of little more
than half a degree ;

those, who are acquainted

with the inaccurate methods often used in the di-

recting of cannon, will easily allow, that so small

an aberration as this may, by the generality of
practitioners, be unattended to, and the path of
the shot may consequently be deemed a straight

line, especially as other causes of error will often

intervene, much greater than what arises from the

incurvation of this line by gravity.

In the present proposition* the velocity of a shot

is determined, both when fired with two thirds of
its weight of powder, and with half its weight of

powder, respectively
;
and, on this occasion, 1 must

remark, that on the principles ofthe theory, which
we have ascertained in this treatise, the increasing

the charge of powder will increase the velocity of
the shot, tiH the^pqwder arrives at a certain quan-
tity; after which, if the powder be increased, the

velocity of the shot will diminish. The quantity

producing the greatest velocity, and the propor-

tion between that greatest velocity and the velocity

communicated by greater and lesser Charges, may
be thus assigned.

Let
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Let AB represent the axis of the piece; draw
AC perpendicular to it, and to the asymptotes AC
and AB, describe any hyperbola LF, and draw
BF parallel to AC; find out now the point D,
where the rectangle ADEG is equal to the hyper-
bolic area DEFB, then will AD represent that

heighth of the charge, which communicates the
greatest velocity to the shot ; whence AD being
to AB, as 1 to 2,71828, as appears by the table of
logarithms, from the length of the line AD, thus

determined, and the diameter of the bore, the
quantity of powder, contained in this charge, is

easily known*.
If; instead of this charge, any other, filling the

cylinder to the height AI, be used, draw IH pa-
rallel to AC, and through the point H, to the

same asymptotes AC and AB, describe the hyper-
bola HK ; then the greatest velocity will be to the
velocity communicated by this charge AI, in the

subduplicate proportion of the rectangle AE, to

the same rectangle diminished by the trilinear

space HKE. All this easily follows from the prin-

ciples laid down in the 7 th proposition of the 1st

chapter.

PROP.

* See this rule otherwise investigated in my Course of Mathe*
matics, vol. 2. p. 351. edit. 4th. But the same thing deter,

mined by experiments is rather less than this number 2,71828,
in all the various lengths of cannon ; as may be there seen; IL
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PROP. V.

When a Cannon-Ball of C4lb. weight, fired with
afull Charge of Powder, first issues from the

Piece, the Resistance of the Air on its Surface
amounts to more than twenty Times its Gra-
vity.

For we have shewn, 'in the second proposition

of the present chapter, that the resistance of the

air on the surface of a bullet of i of an inch dia-

meter, moving with a velocity of 1(570 feet in T,

amounted to 101b. Now we have seen, in the

last proposition, that an iron bullet weighing 24lb.

if fired with l61b. of powder, (which is usually

esteemed its proper battering charge) acquires a
velocity of about 1650 feet in T. scarcely differ-

ing from the other
;
whence, as the surface of this

last bullet is more than fifty-four times greater

than the Surface of a bullet of \ of an inch in dia-

meter, and their velocities are nearly the same, it

follows that the resistance on the larger bullet will

amount to more than 540lb. # which is near twenty-
three times its own weight.

SCHOLIUM.

We have observed, in the introduction, that the

theorists, who huve professedly written on the sub-

ject of gunnery, have generally agreed in suppos-

ing the flight of shot and shells to be nearly in the

curve of a parabola ; and it is against this hypo-
thesis that the two last propositions are particularly

aimed.

For the reason, which has been given by these

authors, in support of their opinion, is the sup-

posed

* By my experiments, the resistance amounts to more than

5601b. or 24 times the weight of the, ball. 11.
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posed inconsiderable resistance of the air
; since,

as it is agreed on all sides, that the track of pro-

jectiles would be a parabola, if there was no resist-

ance ; it has from thence been too rashly conclud-
ed, that the interruption, which the ponderous
bodies of shells and bullets would receive from so

rare a medium as the air, would be scarcely sensi-

ble, and consequently that their parabolic flight

would J>e hereby scarcely affected.

Now the prodigious resistance of the air to a
bullet of 24lb. weight, such as we have here esta-

blished it, sufficiently confutes this reasoning ; for

how erroneous .must that hypothesis be, which
neglects as inconsiderable, a force, which amounts
to more than twenty times the gravity of the

moving body ? However, we shall not content
ourselves with having demonstrated the reality and
quantity of the air's resistance, but we shall pro-

ceed to a more particular examination of the flight

of bodies in that medium, where we shall evince,

by many experiments, how greatly the track, de-

scribed by almost every projectile, deviates in every

circumstance from what it ought to be on the ge-

nerally-received principles. But, first, it is neces-

sary to assume a few particulars, the demonstra-
tions of which may be found in almost every

writer on the common theory of falling bodies.

Post. 1 . If the resistance of the air be so small,

that the motion of a projected body be in the curve

of a parabola ; then the axis of that parabola will

be perpendicular to the horizon, and consequently

the part of the curve, in which the body ascends,

will be equal and similar to that in which it de-

scends.

Post. 2. If the parabola, in which the body
moves, be terminated on a horizontal plain ; then
the vertex of the parabola will be equally distant

- from its two extremities.

Post. 3. Also the moving body will fall on that

horizontal
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horizontal plain in the same angle and the same
velocity, with which it was first projected.

Post. 4. If a body be projected in different an-

gles, but with the same velocity ; then its greatest

horizontal range will be, when it is projected in

an angle of 45° with the horizon.

Post. 5.v If the velocity, with which the body is

projected, be. known, then tins greatest horizontal

range may be thus found : compute, according to

tlie common theory of gravity, what space the pro-

jected body ought to fait through to acquire the

velocity, with which it is projected ; then twice

that space will be the greatest horizontal range, or

the horizontal range, when the body is projected

in an angle of 45° with the horizon.

Post. 6. The horizontal ranges of a body, when
projected with the same velocity, at different an-

gle$, will be between themselves, as the sines of
twice the angle, in which the line of projection is

inclined to the horizon.

Post. 7. If a body be projected in the same an-

gle with the horizon, but with different velocities;

the horizontal ranges will be in the duplicate pro-

portion of those velocities.

These postulates contain the principles, on which
the motions of projectiles are computed by the

modern writers on the art of gunnery.

If any of these postulates hold not true, when
applied to the motion of a projectile, then that

projectile deviates in its flight from a parabolic

track: we shall therefore effectually destroy the

common theory of projectiles, if we can shew, that,

in general, none or these postulates correspond to

the observed motions of those bodies.

PROP.
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PROP. VI.

The Track described by the Flight of Shot or
'

Shells is neither a Parabola, nor nearly a
Parabola, unless they areprojected with small
Velocities.

Fo r we have determined, in the fourth proposi-

tion of the present chapter, that a musket- ball £
of an inch in diameter, fired with half its weight
of powdet, from a piece 45 inches long, moves
with a velocity of near 1700 feet in 1". Now, if

this ball flew in the curve of a parabola, its hori-

zontal range at 45° would be found, by the fifth

postulate, to be about 17 miles. Now all the
practical writers assure us, that this range is really

short of half a mile. Diego Ufano assigns to an
arquebuse, 4 feet in length, and carrying a leaden

ball of It oz. weight (which is very near out di-

mensions) an horizontal range of 797 commbn
paces, when it is elevated between 40 and 50 de-
grees, and charged with a quantity of fine powder
equal to the weight of the ball. Marsenus too tells

us, that he found the horizontal range of an ar-

quebuse at 45° to be less than 400 fathom, or

800 yards
;
whence, as either of these ranges are

short of half an English mile, it fallows that a
musket-sliot, when fired With a reasonable charge
of powder, at an elevation of 45d, flies not the

part of the distance it ought to do, if it moved in

a parabola.

Nor is this great contraction of the horizontal

range to be wondered at, when it is considered,

that the resistance of this bullet, when it first issues

from the piece, amounts to 120 times its gravity

;

as has been experimentally demonstrated in the

second proposition of the present chapter.

Again,' lest it should be said, that this aberra-

tion of the flight of a musket-ball from the curve
K-
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of a parabola, is no proof but that heavier shot,

whose resistance is much less in proportion to their

weight, may sufficiently coincide with the com-
mon hypothesis ; our next instance shall be in an

iron bullet of 24lb. weight, which is the heaviest

in common use for land service. Such a bullet,

fired from a piece of the customary dimensions,

with its greatest allotment of powder, has a velo-%

city of 1650 feet in 1", as we have determined in

the fourth proposition of the present chapter.

—

Now if the horizontal range of this shot, at 45*

be computed on the parabolic hypothesis by the

fifth postulate, it will come out to be about 16

miles, which is between' five and six times its real

quantity; for the practical writers all agree in

making it less than three miles : and St. liemy
informs us of some experiments made by Mr. du
Metz, iu which the range, at 45°, of a piece ten

feet in length, carrying a bail of 24lb. and charged

with l6lt>. of powder, was 2250 French fathom,

which is 222 fatliom short of three miles ; conse-

quently an iron bullet of 24lb. weight, when im-

pelled with its full allotment of powder, flies not,

at 45°, to the fifth part of the distance which it-

ought to do, if it described the curve of a para-

bola.

But farther, it is not only when projectiles are

moved with these very great velocities, that their

flight sensibly^ varies from the curve of a parabola

;

the same aberration often takes place in such, as

move slow enough to have their motion traced out

by the eye ; for there are few projectiles, that can
be thus examined, which do not visibly disagree

with the first, second, and third postulate, they
obviously descending through a curve which is

shorter, and less inclined to the horizon, than that

in which they ascended ; also the highest point of
.their flight, or the vertex of the curve, is much
nearer to the place, where they fall on the ground,

thai*
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than to that from whence they were at first dis-

charged. These things cannot be a moment doubt-
ed of by one, who in a proper situation views the

flight of stones, arrows, or shells, thrown to any
considerable distance. „

I have found too by experience, that the fifth,

sixth and seventh postulates are excessively erro-

neous, when applied to the motions of bullets

moving with small velocities : a leaden bullet i of
an inch in diameter, discharged with a velocity of
about 400 feet in T, and in an angle of 19° 5',

with the horizon, ranged o& the horizontal plane,

no more than 448 yards ; whereas its greatest ho-
rizontal range being found by the fifth postulate,

to be at least 1700 yards, the range at 19° 5

V

ought, by the sixth postulate, to have been 1050
yards ; whence, in this experiment, the range was

,

not 4- ofwhat it must have been, had the eommon
received theory been true.

Again, a ball was fired with the same velocity

as in the last experiment, but at an elevation of*

9° 45', its horizontal range was at a medium 330
yards.

Now this range, according to the fifth and sixth

postulates, (if its original velocity be considered)

should have been 566 yards. But if it were to be

deduced from the last experiment, by means of
the sixth postulate, it should have been no more
than 241 yards ; either of which numbers are ex-
tremely distant from 330.

Again, a ball being fired at an elevation of 8°,

but with a velocity of 700 feet in 1", the horizon-

tal range at a medium was 690 yards*

But computing this range from the original ve-

locity of the projected body, according to the fifth

and sixth postulates, we shall find, that if the theo-

ry, on which those postulates are founded, could

be relied on, the range in the present instance ought
to have been 1400 yards; whence it appears, that

K$ the
4
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the' body flew not to half the distance which, had
it moved in a parabola, it ought to have done.

Again, a ball being fired with the same velocity

as in the last, but at an elevation of 4°, its hori-

zontal range was 600 yards.

Now this range, if deduced from the last ex-

periment by the sixth postulate, should not have

been more than 350 yards ; hence then is evinced

the falsity of that postulate, and consequently of

the parabolic hypothesis, on which it is founded.

Having thus proved, that the track described

by the flight, eVen of the heaviest shot, is neither

a parabola, nor approaching to a parabola, except

when they are projected with very small velocities;

we shall refer to a second part, a more distinct

explication ofthe nature of the curve, which these

bodies really trace out in their motion through th£

air : but, as a specimen of the great complication

of that subject, I shall here insert an account of a
very extraordinary circumstance, which frequently

takes place therein.

As gravity acts perpendicularly to the horizon,

it is evident, that if no other power but gravity

deflected a projected body from its rectilinear

course, its motion would be constantly performed
in a plane perpendicular to the horizon, passing

through the line of its original direction : but we
have found, that the body in its motion often de-

viates from this plane, sometimes to the right-

hand, and at other times. to the left: and this in

an incurvated line, which is convex towards that

plane ; so that the motion of a bullet is frequently

in a line having a double curvature, it being

bent towards the horizon by the force of gravity,

and again bent out of its original direction, to the
right or left, by the action of some other force

:

in this case no part of the motion of the bullet is

performed in the same plane, but its track will lie

in the surface of a kind of cylinder, whose axis is

1 perpendicular
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perpendicular to the horizon. The truth of this

assertion we shall evince by indisputable experi-

ments.

PROP. VII. .

Mullets in their Flight are not only depressed

beneath their original Direction by the Action

of Gravity, but are alsofrequently driven to

the right or left of that Direction by the Ac-
tion of some other Force.

If it was true, that bullets varied their direction

by the action of gravity only, then it ought to

happen, that the errors, in their flight to the right

or left of the mark they were aimed at, should

increase in the proportion of the distance of the

mark from the piece only : but this is contraiy to

all experience ; the same piece, which will carry

its bullet within an inch of the intended mark,
at 10 yards distance, cannot be relied on to 10

inches in 100 yards, much less to 30 inches in

300 yards. This increase of the uncertainty of th<?

shot in great distances, more than in the propor-

tion of those distances, must have been observed

by all, who have been at any time conversant

with the practical part of artillery. Now this in-

equality can only arise from the track of the bul-

let being incurvated sideways as well as down-
wards; for by this means the distance between
that incurvated line, and the line of direction,

will increase in a much greater ratio than that of

the distance; these lines being coincident at the

mouth of the piece, .and afterwards separating in

the manner or a curve and its tangent, if the

mouth of the piece be considered as the point of

contact
But that those, who have not been themselves

accustomed to those matters, may entertain tin

doubt about what we here assert; I shall recite

K 3 some>>

«
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some experiments, I have made, which will put
the matter out of all question.

'

I took a barrel carrying a ball of £ of an inch

diameter, and fixing it on a heavy carriage, I sa-

tisfied myself of the steadiness and truth of its

direction, by firing at a board 14- foot square,

which was placed at 180 feet distance; for I

found, that in 16 successive shot I missed the

board but once. Now the same barrel being fixed

on the same carriage, and fired with a smaller quan-
tity of powder, so that the shock on the discharge

would be much less, and consequently the direc-

tion less changed, I found, that at 760 yards dis-

tance, the ball flew sometimes 100" yards to the

right of the line it was pointing on, and at other

tifries 100 yards to the left. I found too, that

its direction in the perpendicular line was not less

uncertain, it falling one time above 200 yards

short of what it did at another ; although, by the

nicest examination of the niece after the discharge,

it appeared not to have tne least started from the

position it was placed in.*

This then sufficiently confirms the proposition,

since it was impossible the bullet could have flown

in the manner here described, had not the line of
its flight been bent round to the right or left as

well as downwards.

SCHOLIUM. <

The reality of this doubly-incurvated track be-

ing thus demonstrated, it may perhaps be asked,

what can be the cause of a motion so different

from
* The uncertainty of shooting with these leaden Millets ap-

pears to be very great : it is not probable, however, that it can.

be so great in shooting with cannon-balls ; because these are
commonly cast rounder, and, being of iron, have not their fi-

gure changed by the action of the powder, nor by striking
against the sides of the bor/i. H.
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from what has been hitherto supposed ? And to

this I answer, that the deflection in question must
be owing to some power acting obliquely to the

progressive motion of the body, which power can
be no other, than the resistance of the air.* IjPit

be farther asked, how the action of the resistance

of the air can at any time be in a line oblique

to the progressive motion of the body ? I farther

reply, that it may sometimes arise perhaps from in-

equalities in the resisted surface, but that its gene-
ral cause is doubtless a whirling motion acquired

by the bullet about its axis ; for by this motion
of rotation, combined with the progressive motion,

each part of the bullet's surface will strike the air

in a, direction very different from what it would do,

if there was no such whirl; and the obliquity of
the action of the air arising from this cause will

be greater, according as the rotatory motion of the

bullet is greater in proportion to its progressive ,

motion.

I have now finished all that I proposed to deter-

mine in this place, relating to tne force of pow-
der and the resistance of the air: but as the know-
ledge of the resistance of solids to the penetration'

of shot is of great importance in the practical

part of gunnery, especially in battering in breach

;

I shall end the present treatise with a proposition

relating thereto, which is as follows.

* This assertion would require some modification, as the chief

part of the deviation in the flight must be owing to the irregular

formation of the ball, both as to its internal structure, and want
of roundness on the surface. H.

K 4
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-

PROP. VIII.

If Bullets of the same Diameter and Density im-

pinge on the same solid Substance with differ-

ent Velocities, they will penetrate that Sub-
stance to different Depths, which will be in the

duplicate Ratio of those Velocities nearly.

And the Resistance of solid Substances to the

Penetration of Bullets is uniform.

The first part of this proposition I have found
to bt true in a great number of instances ; for

when a leaden bullet i of an inch in diameter, was
fired against a solid block of elm, with a velocity

of about 1700 feet in 1", I found, that in a great

number of trials it had penetrated from 4* to 5 J-

inches deep. When a bullet of the same size was
fired against the same block, with a velocity of

about 730 feet in 1", its outer surface was always

near 4- of an inch within the surface Qf the wood,
so that its penetration was at a medium about 1

inch ;
or, ifthe cavity be considered, and reduced

to a cylinder, about
-J-
of an inch ; and with a velo-r

city of 400 feet in 1", the bullet penetrated the

same block usually to about half its substance,

which, reduced to a cyliiulric cavity is J of au
inch in depth.

Now 55, 10, 3, are nearly in the duplicate pro-

portion of these velocities
; whenge, if the pene-

tration to the greatest velocity be supposed 5 inches,

the penetration of the others ought by the propo-

sition to be and -A- of an inch respectively ; and
these numbers scarcely differ from £ and i, which
are what we have found in our experiments ; a
greater coincidence than this cannot be expected,

when the unequal texture of the same piece of
wood, and the change of the form of the bullet

by the stroke, are considered.

Now, from the penetration being; in the dupti*

cate
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cate proportion of the velocity of the impinging

body, the uniform resistance of the wood is easily

evinced on the same principles, that the uniform

action of gravity is demonstrated from its com-
municating to falling bodies velocities in the subdu-

plicate proportion of the spacer they descend
through, or from the rising of bodies when
projected upwards, to heights which are in the

duplicate proportion of the velocities, with which
they begin to ascend.*

* These experiments with leaden bullets, which change their

figure by the stroke, are not so proper to determine this point,

as cast iron balls, with which I have made many experiments

;

by which it appears both that the penetrations, with the higher

charges, fall short of the above proportion ; and that the re-

sisting force of the wood is not a constant quantity. See some
of these experiments in several places of my Tracts, and
remarks in particular at p. 265. II.
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An Account of a Book entitled. New Principles

of Gunnery, containing the Determination of
the Force of Gunpowder; and an Investiga-

tion of the Resisting Power of the Air to

swift and slow Motions ; as far as the same
relates to the Force of Gunpowder. Head
before the Royal Society, April 14 and 21,

1743, and printed in the Philosophical Trans-
, actions, No. 469.

ThIS treatise contains two chapters. The first

treats of the force of gunpowder, and the velo-

cities communicated to bullets by its explosion

:

the second considers the resistance of the air to

bullets atid shells moving with great velocities

;

and endeavours to evince, that this resistance is

much beyond what it is generally esteemed to be j

and consequently, that the track described by the

flight of these projectiles, is very different from
what is usually supposed by the modern writers on
this subject.

The principal points endeavoured to be establish-

ed in the first chapter are these, " That the force
" of fired gunpowder is np more than the action
" of a permanent elastic fluid, which is produced
" by the explosion ; that this fluid observes the
" same laws with common air in their exertion of
" its pressure or elasticity;" and consequently,
" That the velocities communicated to bullets by>
" the explosion, may be easily computed from
" the common rules, which ,are established for
" the determination of the air's elasticity."

The two first propositions contain the proofs,

that a permanent elastic fluid is constantly gene-
rated in the explosion of gunpowder ; this is,

evinced
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evinced- by well-known experiments daily repeat-

ed, and acquiesced in by all who have frequented

the usual courses of experimental philosophy, of
which these experiments generally make apart ; so
that the author presumes he may consider this

point a* incontesttbiy established, at least he has
never yet met with any who have questioned it.

The third proposition is, that the elasticity of
this fluid produced by the firing of gunpowder, is,

ceteris paribus, directly as its density; and the

experiment by which this was confirmed, was
letting fall separately two quantities of powder,
the one double the other, on a red-hot iron in-

cluded in an exhausted receiver ; and it appeared, -

by the descent of the mercury, that the elasticity

of the fluid produced from the double quantity of
powder, was nearly doublfe the elasticity of that

produced from the single quantity; that is, the

elasticity was nearly as the density of the fluid.

But it may perhaps be thought, that a single

experiment is too slender a foundation, on which
to build so material a principle ; since all subse-

quent reasonings on the force of powder in some
measure depend on it En reply to this it may
be said, that the author recited this single expe-

riment on account of the great quantity of pow-
der made use of in it, which was three sixteenths

of an ounce; but that he had really made many
more equally conclusive, which he thought it un-
necessary to mention. However, those who doubt
of this proposition, may satisfy themselves herein

by some experiments made by the late Mr.
Hauksbee befbre this Society, though with a

different view
;
where, by the firing of twenty-six

quantities of powder successively, the mercurial

gage was sunk from twenty-nine inches and a'

half, to twelve three fourths; fbr by comparing
these experiments together, and making the ne-

cessary allowances, it will be found, that the elas-

ticity
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ticity was nearly proportional to the density in all

that variety of densities.

In this proposition, the analogy between the

fluid produced by the explosion of powder and
comrqon air, is established thu* far, that they

exert equal elasticities in like circumstances ; for'

this variation of the elasticity, in proportion to

the density, is. a well-known property of common
air* But other authors, who, since the time of
Mr. Boyle, have examined the; factitious elastic

fluids produced by burning, distillation* &c. have
carried this analogy much farther, and have sup-

posed these fluids to be real air, endued with all

the properties of that we breathe; particularly

the reverend Dr. Hales, who has pursued this

examination with the greatest exactness, in a se-

ries of the best contrived processes, constantly

affixes the denomination of air to these factitious

. fluids;, he having found, that their weight is the

same with that of common air, and that they di-

late with heat, and contract with cold; and that

they vary their densities under different degrees

of impression, in the same proportion with com-
mon air; and from hence, and other circumstances

of agreement between them, he supposes them to

be of tbe same nature with air, and conceives

them to be fitly designed by the same name.

But so perfect a congruity between these fac-

titious fluids and air is not necessary for the pur-

poses of this treatise. The fundamental positions.,

of this first chanter supposing no more, than that

the elasticity 01 the fluid, produced in the explo-

sion of gunpowder, is always, ceteris paribus, as

its density ; and that the force of fired gunpow-
der is only the action of that fluid modified ac-

cording to this law. It has been already men-
tioned, on what grounds the first of these prin-

ciples hath been asserted, as contained in the third

proposition ; aud it remains to explain the reasons

urged
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urged for the support of the last in the eight suc-

ceeding propositions.

The law of the "action of this fluid beina* de-
termined, two methods offer themselves for inves-

tigating the absolute force of powder on tile bo-
dies it impels before it. The first by examining
the quantity of this fluid produced by a given
quantity of powder, and thence finding its elas-

ticity at the instant of the explosion; the other
by determining the actual velocities communicat-
ed to bullets by known charges, acting through
barrels of different dimensions. The first is the
most easy and obvious, but the second the most
accurate method ; and therefore the author has
separately pursued each, and he has found that

their concurrence has greatly exceeded his expec-
tation, and thereby both of them receive an ad-
ditional confirmation.

The quantity of the elastic fluid, produced by
the firing of a given quantity of powder, is deter-

mined by firing it in an exhausted receiver, and
observing how much the mercurial gage subsides

thereby, making a proper allowance for the in-

crease of its elasticity from the heat of the in-

cluded hot iron. But then, as the subsiding of
the mercury is not measured till the flame of the

powder is extinguished, and the flame is reduced '

somewhat near the temperature of the external

air ; it is evident that the elasticity thus estimated

is much short of what it really was in the instant

of explosion
;
and, therefore, to obtain that elas-

ticity, which is the force sought, it is necessary to

make some estimate of the increase of the elas-

ticity of the fluid by the fire and flame of the ex-
plosion. For this purpose it is examined in the

fifth proposition, how much the elasticity of com-
mon air is increased by a degree of heat equal to

that of iron beginning to grow white hot; and it

is found, at a medium, to be thereby augmented
something

-
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something more than four times; whence, as the

fluid produced by any quantity of gunpowder
takes up, when compressed by the weight of the

incumbent atmosphere, a space something less

than £50 times the bulk of the powder; it* fol-

lows, that if its elasticity, in the instant of explo-
" sion, be supposed to be increased in the same pro-

portion with that of the air last mentioned, it be-

comes by this means about 1000 times greater than

the pressure of the atmosphere; that is, conceiving

it to be contained in that space only which the

powder occupied, before it was fired.

Those who have not been .conversant in these

experiments, may possibly suppose that the elas-

ticity of the powder, at the instant of explosion,

may be immediately known by the first sudden
descent of the mercury : but many circumstances

concur to render this method impracticable;
* amongst the rest, it must be remembered, that

some air is constantly left in the receiver, * which
is heated by the blast, and unites its effects, in the

first instant, with the action of the po\Vder; be-

sides, the first descent may be varied, by vary-

ing the tube, although all things else remain un-
changed.

By the method hitherto described, it is collect-

ed, that the elasticity of the fluid produced from
firedv gunpowder, when contained in the space,

which was taken up by the powder before the

explosion, is about 1000 times greater than the

elasticity of common air, or, which is the same
thing, 1000 times greater than the pressure of the

atmosphere.

But, besides the determination of the quantity

of fluid, produced by a given quantity of powder,
(the metnod on which this deduction is founded)
there is another method of discovering the same
thing, which, though less obvious, is yet (as hath
been already observed) more accurate r that is,
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by examining the actual velocities communicated
to bullets by the explosion of given charges in

given cylinders; and this is the subject of the 7th,

8th, and 9th propositions.

And first, it is evident, that this examination

cannot take place, unless a method of discovering

the velocities of bullets be previously established.

Now the only kno<v n means of effecting this was,

either by observing the time of the flight of
bullets through a given space ; or by finding their

ranges when they were projected at a given angle,

and thence computing their velocity on tbe hypo-
thesis of their parabolic motion. The first of these

methods was often impracticable, and in all great

velocities extremelv inaccurate, both on account
of the shortness of the time of their flight, and the

resistance of the air. The second is still more ex-
ceptionable; since, by reason of the air s resistance,

the velocities thus found may be less in any ratio

given,- than the real velocity sought. Now, to

avoid these difficulties, the author has invented a
method of determining the velocities of bullets,

which .may be carried to any required degree of
exactness, and is no ways liable to the foremen-

tioned exceptions ; for, by this invention, the ve-

locity of the bullet is found in any point of its

track, independent of the velocity it had before it

arrived at that point, or of the velocity it would
have, after it had passed it : so that not only the

the original velocity, with which it issues from the

piece, is hence known, but also its velocity after

it has passed to any given distance; and therefore

the variations of its velocity from the resistance of
the air may be also ascertained with great facility.

The machine for this purpose is described in the 8th
proposition, and the principle it is founded on, is

this simple axiom ofmechanics; That if a body in

motion strikes on another at rest, and they are
not separated after the stroke, but move on with

one
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one common motion ; then that common motion is

equal to the motion, with xvhich the first body
moved before the stroke : whence if that common
motion and the masses of the two bodies are

known, the motion of the first body before the

stroke is thence determined. On this principle

then it follows, that the velocity of a bullet may
be diminished in any given ratio, by its being
made to impinge on a body of a weight properly

proportioned to it; and hereby the most violent

motions, which would otherwise escape our exami-
nation, are easily determined by these retarded

motions, which have a given relation to them.

Hence then, if a heavy body greatly exceeding the

weight of the bullet, whose velocity is wanted, be
suspended, so that it may vibrate freely on an axis

in the manner of a pendulum, and the bullet im-
pinges on it, when it is at rest; the velocity of the

pendulum after the stroke will be easily known by
the extent of its vibration ; and from then5ey and
the known relation of the weight of the bullet and
the pendulum, and the position of the axis of os-

cillation, the velocity, with which the bullet is im-

pinged, will be determined, as is largely explained

in the 8th proposition. Where note, tnat there is

a paragraph by mistake omitted in that proposi- .

tion, which should increase the velocity there found
in the subduplicate proportion of the distances of
the points of oscillation and percussion from the axis

of suspension ; but this only affects that particular

number, for it was remembered in the computa-
tions of the succeeding experiments, the numbers
of which are truly stated.

It being explained how the velocities of bullets

may be discovered by experiment: the next consi-

deration is, from those velocities to determine the

force, which produced them.
And the author thought, the best method of

effecting this was by computing, what velocities

L 2 would
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would arise from the action of fired powder, sup-

posing its force to be rightly assumed by the pro-

cess in the preceding part ; that is, supposing the

elasticity of the fluid thence arising to be at first

1000 times greater than that of common air; for

then, by comparing the result of these computa-
tions with a great number of different experiments,

it would appear, whether thut force was rightly

assigned ; and if not, in what degree it was to be

corrected.

Preparatory to this computation, the author
assumes, in ais 7th proposition, these two prin-

ciples :

]st, That the action of the powder on the bul-

let ceases, as soon as the bullet is got out of the

piece.

2tf/t/, That all the powder of the charge is fired,

and converted into an elastic fluid, before the bul-

let is sensibly moved from its place.

And in the annexed scholium he has given the

arguments and experiments, which induced -him to

rely on these postulates ; all which is necessary at

present to discuss more at large.

If the force of gunpowder was supposed capable
of being determined with the same accuracy and
rigour, which takes place in subjects purely geo-

metrical, the first of these postulates would be
doubtless erroneous, since it cannot be questioned
but the flame acts in some degree on the bullet af-

ter it is out of the piece.

But it is well known, that, in experimental sub-

jects, no such preciseness is attainable j for those

versed in experiments perpetually find, that either

the unavoidable irregularities of their materials, or
the variation of some unobserved circumstance,

occasion very discernible differences in the event
of similar trials. Thus the experiments made use

of for confirming the laws of the collision of bo-
dies, have never been found absolutely to coincide

either
»
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either with the theory, or with each other. The
same is true of the experiments on the running and
spviting of water and other fluids, and of the ex-

periments made hy Sir Isaac Newton, for the con-
fimation of his theory of resistances ; in which,

though they often difter from each other, and from
that theory by one-twentieth, one-tenth, and even

" sometimes one-fifth part
;
yet those small inequa-

lities have never been urged as invalidating his

conclusions
;

since, in experiments of that nature,

it was rather to be wondered at, that the difference

between the different trials was* so small,
,

And if some minute irregularities are the neces-

sary concomitants of all complicated experiments,
• it may be well supposed, that the action of so fu-

rious a power as that of fired gunpowder, which
visibly agitates and disorders all parts of the appa-
ratus made use of, cannot but be attended with

sensible variations; and it in fact appears, that in

the table of experiments inserted in the 9th pro :

position, the velocities of bullets fired from the

same piece, charged with the same powder, and all

circumstances as near as possible the same, do yet

differ from each other by one-fiftieth, one-fortieth,

and sometimes more thaft one-thirtieth of the

whole ; and yet the author does not conceive, that

these small differences are any exception to the

conclusiveness of his principles
;
but, he presumes,

that had he pretended, without disclosing his me-
thod, to have computed the force of powder, and
the velocities of bullets, in different circumstances,

to a much less degree of accuracy than this, he
should have been censured, as boasting of what
would have been thought impracticable.

If then the action of the flame on the bullet, af-

ter it is out of the piece, is so small as to produce
no greater an effect, than what may be destroyed

by the inevitable variations of the experiments,

the neglecting it entirely, and supposing no such

L 3 force
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force to take place, is both a convenient and a
reasonable procedure : for, indeed, without the as-

sumption of postulates of this kind, it were impres-

sible to have proceeded one step in natural philo-

sophy ; since no mechanic problem hath been ever

solved, in which every real inequality of the mov-
ing force hath been considered.

Now what induced the author to suppose, that

this postulate (though not rigorously true) might
be safely assumed, was the consideration of the

spreading of the flame by its own elasticity, as

soon as it escapes from the mouth of the piece

:

for by this means he conceived, that the part of it,

which impinged on the bullet, might be safely

neglected
;
although the impulse of the entire flame

was a very remarkable force.

With regard to the second postulate, " That all

" the powder is fired before the bullet is sensibly
" moved from its place;" it is incumbent on the

author to be still more explicit, as this Society
did some time since appoint a committee for exa-

mining this very position, who, after making a
great number of experiments, have determined*,

That all the powder is not Jired, before the bullet

is sensibly moved fromQts place ; and they have,

at the same time, assigned the quantities remain-

ing unfiled under different circumstances.

These determinations of the committee are most
true ; but the author must observe, that from the

experiments recited by them, and the quantity of
unfired powder, which they collected, it may be

concluded, that in a barrel of a customary length,

charged with the usual quantity of powder, the

deficiency of* velocity occasioned by the powder
remaining unfired will be scarcely sensible; and in

the shortest barrel ever used by the author, where
the space, the bullet was impelled through, was
not five inches, and where of course this deficiency

.

* or

~ • • * See these Transaction*, No. 465. p. 172, #c.
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of velocity ought to be the greatest, it cannot
amount to one-thirtieth part of the whole ; and
consequently this postulate, though not rigorously

true, may yet be safely assumed, in the investigat-

ing the effects of powder. But before this is more ,

particularly examined, it is necessary to explain

the opinions, which have formerly taken place on
this subject.

Those who have hitherto wrote on the manner,
in which powder takes fire, have supposed it to be
done by regular degrees ; the first grains firing

those contiguous, and they the next successively

;

and it has been generally thought, that a consi-

derable time was employed in tnese various com-
munications : for Mr. Daniel Bernoulli^ in his

excellent Hydrodynamics, has concluded from
some experiments made at Petersburgh, that the

greatest part of the charge escapes out of the

piece unlired, and that the small part, which is

fired, does not take fire till it is near the mouth.
Many theories too have been composed on the

time of the progress of the fire amongst the grains,

arid the different modifications, which the force of
powder did thence receive ; and it has been gene-
rally conceived, that the proper lengths of pieces

were determinable from this principle :
" That

" they should be long enough to give time for all

" the powder to fire."

But the author being satisfied, that no such re-

gular and progressive steps could be observed in

the explosion ; and having found, that by loading

with a greater weight of bullet, and thereby al-

most doubling the time of the continuance of the

powder in the barrel, its force received but an in-

considerable augmentation ; and finding too, that

doubling or trebling the usual charge, the pow-
der thus added always produced a correspon-

dent effect in the velocity of the bullet; and
discovering likewise in a piece near four feet in

L 4 length,

Digitized by Google



168 TRACTS
length, charged with a usual charge of powder,
that the velocity communicated to the bullet, dur-
ing the first three inches of its motion, was full

half the velocity, which it acquired in its whole
passage through the barrel, and that the elasticity

or force of the powder, in the first three inches of
its expansion, wa6, at a medium, near eight times

greater than in the last two feet of the barrel ; he
concluded from all these circumstances, that the

time employed by the powder in taking fire was
not necessary to be attended to in these computa-
tions ; but that the whole mass might be supposed
to be kindled, before the bullet was sensibly moved
from its place.

And the experiments reported by the committee
are the strongest proofs, (as far as they extend)
that powder is not fired in the progressive manner
'usually supposed ; for when the short barrel was
charged with 12elw. and with 6d\v\ respectively,

the quantity of powder which was collected un-
filed from 12dw. did not exceed by 3 grains, at a
medium, what was collected from 6d\r. although
the bullet was a less time in passing through

3

the

barrel with 12dw. than with 6dw. it having a less

way to move
;
consequently the quantity remain-

ing unfiled of the 6dw. did not continue unfiled

for want of time, since, when the piece was
charged with 12dw. the additional 6dw. was con-
sumed in a shorter time.

And again, when the barrel was so shortened,

that the bullet, being placed close to the wad,
lay with its outer surface nearly level with the
mouth of the piece, so that it had not more than
half an inch to move before the flame would have
liberty to expand itself

;
yet, even in this short

transit of the bullet, only 2dw. 14-gr. was collect-

ed unfired, at a medium ; which is about 4- of the

whole charge, or, if properly reduced, not more
thzn of the charge : an obvious confutation

of
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of the gradual firing of the powder in its passage

through the barrel, and an easy proof, how small

an error will be occasioned by supposing the whole
charge to fire instantaneously; since the error in

the velocity of the bullet, arising from a deficiency

of -r'»- of the charge, is TV of that velocity only.

I say, that the of the charge, which remained
unfired, amounts to no more than -rV, when it is

reduced as it ought. This reduction is founded on
the other experiments reported by the committee,

and on the circumstances of those trials, on which
the author founded the present postulate. The au-

thor has supposed the powder, on.which he reasons

in this treatise, to be of the same sort with that

made for the service of the government, a parcel

of which he was favoured with by Mr.Walton. But
this he chiefly kept for a standard, and generally

used other powders, which, on examination, he
found to be of equal force. These powders were
of a very small and even grain, and the committee
have found, that by sifting the government powder,
and making use of the smaller grains, the quantity

remaining unfired was less, at a medium, in the ratio

of 5 to 3, than when it was used without sifting.

And again, it was found by extracting the salt-

petre from the powder collected unfiled, that there

was less saltpetre contained in it than in real pow-
der, and this nearly in the ratio of 9 to 7 : these

two proportions compounded, make the proportion

of 15 to 7, and in this proportion must the quan-
tities of powder collected unfired be reduced, in

order to determine the quantities of real powder
remaining unfired, in similar experiments made by
the author. .

And from hence it follows, that in the experi-

ments made with a barrel 5-J- inches in length,

where the ball had not 3 inches to move, and where
the irregularity arising from the powder unfired

ought to have been the most sensible ; the quan-
tity r
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tity of real powder collected unfired from a charge

of 12 dwt. would have been no more than 16 grains

at a medium, or tV of the whole charge: and it

being found by experiment, that the velocities of
bullets placed in the same situation vary in the

subduplicate proportion of the charges, the defici-

ency of velocity arising from the loss of the of
the charge, would be about^ of the whole velo-

city only, which, in the present case, is not TV of
an inch in the chord of the arch described by the

pendulum measuring the velocity, and is a less dif-

ference, than what frequently occurs in the ex-

actest repetition of the same experiments.

Other circumstances occur, wnich reduce the in-

equality arising from the unfired powder still

lower ; but it is thought, that this is fully sufficient

to justify the postulate in question, especially as,

in all oases of real use, the length of the barrel, in

proportion to the quantity of the charge, will be

much greater than in the present instance : whence
the author presumes, that, in computing the velo-

cities communicated to bullets by the action of

powder, it may be safely supposed, that the whole
charge is fired before the bullet is sensibly moved
from its place ; at least there is no foundation,

from the experiments made on this subject by the

committee, to suspect, that when small-grained

powder is made use of, any greater irregularity

will arise from the application of this supposition,

than what would otherwise take place from the in-

tervention of unavoidable accidents.

It has been thought necessary to discuss more
at large these two postulates ; because the last of

them being almost in the very words of one of the

questions proposed to be examined by the com-
mittee of this Society, and having by them been
determined in the negative, those who have not
attended to this subject might suppose, that there*

4>y the author's principles were entirely overturn-

ed : now this would be a great injustice to him,

since
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since' he has not-rdied on this postulate as rigo-

rously true; for he knew, and has himself taken

notice in the present proposition, that some of the

powder escapes unfiled ; and he has there made
some conjectures on the cause of it : but, without

insisting on the reality of those conjectures, he
adds, that, " Be that as it may, the truth of our
" position cannot in general be questioned."

And though it appears, from what has been al-

ready said, that the experiments recited by the com-
mittee rather confirm than invalidate tne general

sense of that postulate; yet it is but justice to own,
that they are a. full confutation of the conjectures

" of the author in relation to the cause, why some
part of the powder comes out unfired ; for the au-

thor has supposed, after Diego Ufano; that the

part, which tnus escaped, was scattered in the bar-

rel, and not rammed up with the rest; or else that

it was of a less inflammable composition : but the

experiments made on this occasion entirely destroy

this supposition.

As this, or any other conjecture on the cause of
this accident, (for it plainly appears not to be for

want of time only) has nothing to do with the ge-
neral reasoning of the present treatise, it is not
necessary to enter into it in this place; but it may
not be improper to mention, that, on computing
the quantities of powder collected from different

charges, one of the committee was led to conjec-

ture, that, what was' thus collected, was only
parts of grains, that had been fired ; but were ex-

tinguished by the blast, before they were entirely

consumed. This conjecture is strengthened by the

extreme minuteness of the particles of all the pow-
der, which was collected, and from the deficiency

of the saltpetre found in it on examination : it may
be added too, that the author, by gradually heating

a parcel of powder, hath set it on fire, and blown
it out again, for at least a

x

dozen times successive*

ly;
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ly ; and he will undertake to repeat the experiment

at any time, if it should be doubted of.

The postulates, hitherto discussed, arc prepara-

tory to the 7th proposition. That proposition is

employed in computing the velocity, which would
be communicated to a bullet in a given piece by a
given charge of powder, on the principles hitherto

laid down ; that is, supposing the elasticity of fired

powder to be at first 1000 times greater than that

of common air.

In the ninth proposition these computations are

compared with a great number of experiments,

made in barrels of various lengths, from seven

inches to forty-five inches, and with different quan-
tities of powder, from 6dwt. to 36; and the coin-

cidence between the theory and these experiments

is very singular, and such as occurs in but few
philosophical subjects of so complicated a nature.

By this agreement between the theory and the

experiments, each part of the theory is separately

confirmed; for by firing different quantities of
powder in the same piece, and in the same cavity,

it appears, that the velocities of the bullet, thence

arising, are extremely near the subduplicate pro-

portion of those quantities of powder, and this in-

dependent of the length of the piece : whence it is

confirmed, that the elasticity of fired powder in

various circumstances, is nearly as its density; and
this does not only succeed in small quantities of

powder, and in small pieces, but in the largest

likewise, under proper restrictions ; at least there

are experiments, which could not be influenced by
this theory, where the quantities of powder were
above 100 times greater, than what are used by
this author ; and in these trials this circumstance

takes place to sufficient exactness.

It is presumed then, that by this theory a near

estimate may be always made of the velocities com-
municated to shells or bullets by given charges of

powder;
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powder ; at least these experiments evince, how
truly the velocities of small bullets are hereby as?

signed ; and the author can shew by the experi-

ments of others, that in a shell of thirteen inches

diameter, impelled by a full charge of powder, the

same principle nearly holds : it is true indeed, that

when the charge is much smaller than the usual

allotment of powder, there are some irregularities,

which are particularly mentioned at the end of the

9th proposition, to which head too, perhaps, must
be referred the experiments made by the committee
on the effect of different small chambers ; but in

the customary charges, the velocities of bullets

resulting from all the experiments hitherto made,

are really such, as the theory laid down in the

preceding part of this treatise requires. And it

appears, that these velocities are much greater,

than what they have been hitherto accounted: and
there are reasons from the theory to believe, that

in cannon-shot the velocites may . still exceed the

present computation.

The ascertaining the force of powder, and
thence the velocities of bullets impelled by its ex-

plosion, and the assigning a method .of truly de-

termining their actual velocities from experiments,

are points, from whence every necessary principle

in the formation or management of artillery may
be easily deduced : considering, therefore, the in-

finite import of a well-ordered artillery to every

state, the author flatters himself, that whatever

judgment may be formed of his success in these

inquiries, he will not be denied the merit ofhaving
employed his thoughts and industry on a subject,

which, though of a most scientific nature, and of

the greatest consequence to the public, hath been
hitherto almost totally neglected

;
or, at least, so

superficially considered, as to be left in a much
more imperfect state than many other philosophi-

cal researches. 1

With
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With regard to the second chapter of this trea-

tise, relating to the resistance of the air, the author
has in his preface, mentioned his intention of an-

nexing to it a series of experiments, on the real

track of bullets, ^s modulated by that resistance :

and therefore, as he proposes to complete those

experiments this summer; unless unforeseen acci-

dents prevent him ; he chuses to postpone any ac-

count of the subject of the second chapter till that

time ; when he intends to lay the result of those

experiments before this Society, in order that

any exceptions or difficulties relating to them, may
be examined and discussed, before they are pub-

lished to the world.

%* According to xvhat Mr. Robins has said

ahove, he composed the Jive following tracts,

which are now first printedfrom his fnanuscript.
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L

OF THE

RESISTANCE OF THE AIH.

Aiiat all bodies moving through the air have
their motions in some degree impeded by the re-

sistance of that medium, is what, I presume, no
person, however slightly acquainted with philoso-

phical enquiries, will deny. But that the quantity

of this retardation is so great, as to render it ne-

cessary to be considered in the determination of

the ranges of all kinds of military projectiles, hath

been often and vehemently denied. And this not

so much by practidoners (whose opinions, though
extremely inaccurate, have perhaps oil this occa-

sion been too much slighted) as by persons well

skilled in mathematical learning, who have written

professedly of the motions of projectiles, and whose
treatises on 'this subject are generally esteemed and
assented to. For, if it were necessaiy, a large ca-

talogue of geometers of note might be here pro-

duced, who have asserted, in their works, that, in

the operation of gunnery, the resistance of the

air was too minute to merit attention. And I do
not remember, that any author has formally or

expressly contradicted this position; whatever may
in general be<:oncluded, from what some of them
have at times advanced as to the laws observed by
resisted bodies. Indeed (not to dwell longer on
this point) I may venture to affirm, that it is now
the almost universal opinion of those, who have
studied the doctrine of projectiles from the trea-

tises, which have hitherto been published thereon:
Xi That all shells and bullets in their flight do near-

"lv
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" ly describe the curve of a parabola; and conse-

quently, that the resistance of the air to the mo-
" tion of these bodies is altogether inconsiderable."

The prejudices, then, of many persons, whose
reputations for knowledge weigh much with man-
kind, being thus contradictory to what I know to

be fact, both from reiterated experiments of my
own, and from geometrical deductions founded on
the unquestioned experiments of others ; it is high-

ly necessary to remove, in the most unexception-

able manner, these false positions, authorized by
great names, and confirmed by the prescription of
near an age. For, till this is done, all attempts to

compleat the theory and practice of gunnery must
necessarily be ineffectual : since, as I am fully sa*

tisfied, that the resistance of the air is almost the

only source of the numerous difficulties, which
have hitherto embarrassed that science ; it is evi-

dent, that till the reality and efficacy of this resist-

ance is once established, it will be impossible to

procure a candid hearing to any discoveries that

may depend thereon, but, on the contrary, every
speculation of this kind will be treated as ridicu-

lous and chimerical.

To succeed then, in this necessary preliminary,

I shall advance the two following propositions.

First, That the resistance of the air to a twelve
pound iron bullet, moving with a velocity of 25
feet in a second, is not less than half an ounce
avoirdupois.

Second, That this resistance is nearly in the du-
plicate proportion of the velocity of the resisted

body ; that is, that it is four times as much, when
the resisted bodv moves with twice the velocitv

:

nine times as much, when it moves with three

times the velocity, and so on.

These propositions may be deduced from the ex-

periments recited in the 8th section of the 2d book
of Sir Isaac Nezvtorfs Principia. But to remove

ail
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ail doubt about them, and to prevent all future ex-

ceptions ; I do not choose to rely upon any autho-

rity whatever, but I propose to repeat to this so-

ciety some experiments of my own, which will

evince the truth of them by obvious and ocular

demonstrations.

Indeed, with respect to the second of these pro-

positions, it is true, that in great changes of velo-

city there is some variation from the rule here laid

down; but this is a variation, that will on the

whol$ increase, and not diminish the resistance.—

And it is to be remembered, that I -am not now
nicely assigning the laws observed by this resist-

ance in the most rigid and accurate sense ; but am
endeavouring, from a more lax and general idea of
its efficacy, to evince the necessity of its being
considered in the future theory of projectiles.

As I have often repeated the experiments, which
I immediately intended to produce to the society,

in proof of these propositions, I have no doubt of
their success ; I shall therefore for an instant sup-

pose, that they have succeeded, and that the law
of the air's resistance and its efforts against a 1 2lb.

shot, moving with a velocity of 25 feet in a se-

cond, is thereby determined to be, what I have
above assigned ; and from hence it will follow, that

to a velocity of 100 feet in a second (that is 4
times 25) the resistance of the air to the same shot

is not less than 16 half ounces, or half a pound
avoirdupois, and, proceeding on, we shall find, that

to a velocity of 500 feet in a second, it is not less

than 12lb.f ; and to a velocity of 1000 feet in a

second, not less than 50lb. and to a velocity of

1700 feet in a second, not less than 144lb.-J- : and
this last velocity of 1700 feet in a second not be-

ing very distant from that, with which a twelve

pound shot is discharged from a cannon, and the

number 144lb.4- being very near 12 times 12; it

follows, that the resistance of the air to a 12lb.

M shot,
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shot, when fired with its usual charge of powder,

is not less than 1 2 times its own weight. Now
that the motion of thisljody can be rightly assign-

ed from the consideration of its gravity and origi-

nal velocity only, whilst a disturbing force, not

less than 1 2 times its gravity, is utterly neglected,

is a position so obviously absurd, that I flatter

myself when the experiments, which I am now
going to repeat*, are attentively weighed, the re-

ality and efficacy of the air's resistance will be no
longer doubted, nor the necessity of considering it

in almost all the operations of gunnery, any longer

contested. And these points beingonce established,

I propose, in some future papers, to recount the

changes which will hence arise in the motions of

shells and bullets; and to exhibit a method of

computation adapted to the real circumstances of

projectiles resisted by the air, which, though truly

representing the actual motions of these bodies, is

yet, in many instances, as easy and as concise as

the erroneous computations founded on the para-

bolic hypothesis.

* The experiments exhibited upon this occasion are hereafter

described in the first part of the third paper.

No.
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No. II.

OF THE

RESISTANCE OF THE AIR;

Together with the Method of computing the

'Motions of Bodies projected in that Medium.

As I have not yet heard, that any objections

have been made to the conclusiveness of the ex-

periments by which I endeavoured, at the last

meeting of the society, to evince the extraordinary

effort of the air's resistance against shells and bul-

lets discharged with their usual celerities ; I should
hope, that, what I have asserted on that head in

my last paper, may be allowed to be demonstrated

;

and that I may now proceed to the examination of
the effects of this resistance, without being accused
of employing my speculations on a power that had
no existence.

After the experiments I have shewn to this so-

ciety, it may, perhaps, appear strange, that the

persuasion of the minuteness of the air s resistance

could so long take place, when the means of con-
futing this persuasion lay so near at hand ; and
were in a great measure to be deduced from the

common laws of resistance, long since established.

The most natural reason, I can think of, for this

want of attention, was the impossibility of com-
puting the motions of projectiles on the supposi-

tion of a sensible resistance. It is well known,
that the motion of a body projected in any angle

with the horizon, and resisted in the duplicate pro-

portion of its velocity, was not considered by Sir

Isaac Netvton in his Principia. It is true, Mr.
M 2 John

-
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John Bernoulli did some years since determine,

how by. the quadrature of certain curves this mo-
tion might be assigned. But those, who are ac-

quainted with his solution, well know, that those

curves are not reducible to the common terms of
quadratures ; and, consequently, that no computa-
tion can be founded thereon ; at least nothing of
that kind has yet been published*. Now whilst

the description of the real track described by a
projectile continued thus impracticable, a mathe-
matician might, perhaps, have thought it beneath
him to have asserted, that the resistance of the air

produced great changes in the motion of pro-

jected bodies, without having it in his power to

assign the quantity of those changes.

But as I have, for some time past, made many
experiments myself on the ranges of bullets, and
have Collected all that 1 could meet with made by
other persons ; it was necessary, in order to exa-

mine the several hypotheses of resistance, which
some of these experiments suggested, that I should

be enabled to compute the motions of resisted bo-

dies, not only when they were resisted in the du-
plicate proportion of their velocity ; but likewise

when the law of resistance was varied by other

rules not hitherto supposed by any writer. And,
in these investigations, I had the good fortune to

discover some compendious approximations, which
were as accurate, as the nature of the subject re-

quired, and were as easy in their application, as I

could
* The learned commentators upon Sir Isaac Nezcton*s Princi-

pia, in their comment printed at Geneva in the year 1740, avow
this truth

; for, having given Bernoulli's solution of this problem,
and discussed it at large, they add, u Ex quibiis manifestum sit
%i vera: trajectoritr desvriptiuncm adeb perplexam esse

y
ttt ex ilia

t4
i/.r fjuidtptaM ad imts philosophicos aut ntechanicos uccommoda-

*' turn possit ffeduci." TJiat is, " The description of the curve

j

" in which a projectile moves, is so very perplexed, that it can
u be scarcely expected, any deduction should be thence made,
iC which may be adapted cither to philosophical or mechanical

t

" purposes." Vide vol. 2. p. 118.
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could well hope for in so perplexed and intricate a
matter ; and though many of these methods appear
now to be useless, as I have found several of the

laws of resistance, which they were fitted to exa-

mine, to be fictitious : yet, as some of these com-;

pendiums are applicable to the real motions of pro-

jected bodies* 1 shall insert such of them, as from
their general form are the soonest described and
the easiest to be remembered, and which are suffi-

cient for computing the motions of shells and bul-

lets in* every practical operation of gunnery. But
. first it is necessary to examine what is the real law

of resistance of bodies moving through the air.

I have already mentioned, that,; in very great

changes of velocity, the resistance does not accu-
rately follow the duplicate proportion of the velo-

city. But how much this variation amounts to,

and how it is adapted to the different velocities of
the resisted body, it is not easy nicely to ascertain.

However, by comparing .together a. great number-'
of experiments ; I am of opinion, that till a more
accurate theory of these changes is completed, the

two following positions may be assumed without
any remarkable error.

First, That till the velocity of the projectile

surpasses that of 1 100 feet in 3 seconjri, the resist-

ance may be esteemed to be in the duplicate pro-

portion of the velocity ; and its mean quantity may
be taken to be nearly the same with that, I have
assigned in the former paper*.

Second,

* These suppositions are not nearly correct. In fact, by more
accurate experiments with cannon-balls, it appears that the law

' of the resistance begins to increase above the ratio of the square
of the velocity, from the very slowest motions, and thence goes
on increasing gradually more and more above what is assigned

by that ratio, till we arrive at the velocity of 1600 or 1700 feet

per second, where it is at the greatest, amounting in that maxi-
mum state to only 2^ times the quantity resulting from the ra-

tio of the square of the velocity. And at the velocity of 1 100
M 3 feet,
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Second, That if the velocity be greater tjian that

of 11 or 1200 feet in a second, then the absolute

quantity of that resistance in these greater veloci-

ties will be near three times as great, as it should

be by a comparison with the smaller velocities*.

—

For instance, the resistance of a 12 pound shot,

•moving with a velocity of 1700 feet in a second,

instead of 144lb.4, which I have assigned it in a
former paper, will be now three times that quanti-

ty, or 4331^4:.

Hence then it appears, that, if a projectile be-
gins to move with a velocity less than that of 1 100
feet in \" ; its whole motion may be supposed to be

» considered on the hypothesis of a resistance in the

duplicate ratio of tne velocity. And, if it begins

to move with a velocity greater than this last

mentioned, yet if the first part of its motion, till

its velocity be reduced to near 1 100 feet in 1', be
considered separately from the remaining part, in

which the velocity is less than 1 100 feet in T, it is

evident, that both parts may be truly assigned on
the

feet, instead of answering to that law, it amounts to 1 .86 times

the same. In short, the rule cannot be reduced to two cases

only, as here supposed, but must have a different rate for every

different velocity, according to the numbers in table 2 of my
Dictionary, vol. 2, p. 365. H.

* As I have forbore to mix any hypothesis with the plain mat-
ters of fact deduced from experiment, I did not therefore ani-

madvert on this remarkable circumstance, that the velocity, at

which the moving body shifts its resistance, is nearly the same,

with which sound is propagated through the air. Indeed, if the

treble resistance 'in the greater velocities is owing to a vacuum
being left behind the resisted body, it is not unreasonable to sup-

pose, that the celerity of sound is the very least degree of cele-

rity, with which a projectile can form this vacuum, and can in

some sort avoid the pressure of the atmosphere on its hinder

parts. It may perhaps confirm this conjecture to observe, that)

if a bullet, moving with the celerity of sound, does really leave a
vacuum behind it, the pressure of the atmosphere on its fore part

is a force about three times as great as its resistance, computed
by the laws observed in slow motions. But the exact manner,
in which the greater and lesser resistances shift into each other,

must be the subject of farther experimental enquiries.

V
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he same hypothesis, only the absolute quantity of
the resistance is three times greater in the first part
than in the last. Wherefore ifthe motion of a pro-
jectile on the hypothesis of a resistance in the du-
plicate ratio of the velocity be truly and generally

assigned, the actual motions of resisted bodies may
be thereby determined, notwithstanding the in-

creased resistances in the great velocities. And,
to avoid the division of the motion into two, I
shall hereafter shew how to compute the wh$le at

one operation with little more trouble, than if ti6

such increased resistance took, place.
:

v

To avoid frequent circumlocutions, the distance,

to which ^ny projectile would range in a vacuum
on the horizontal plain at 45° of elevation, I shall

call the potential random of that projectile.

And the distance to which the projectile would
range in a vacuum on the horizontal plain at any
angle different from 45°, I shall call the potential

range ofthe projectile range at that angle.

And the distance to which a projectile really

ranges, I shall call its actual range.

If the velocity, with which a projectile begins to

move, is known ; its potential random and its po-

tential range at any given angle are easily determin-

ed from the common theory of projectiles :* or,

more

* The method of computing the potential random from the

"known velocity of the projectile is thus. Find out by the theory

of falling bodies, what height the projectile must fall from to *

acquire the given velocity, then twice this height is the potential

random sought.

EXAMPLE.

Let the given velocity of the projectile be that of 1000 feet

in 1"; theu, since it is known, that a heavy body in falling 16
feet 1 inch, acquires a velocity of 32 feet 2 inches in 1", and

the spaces fell through arc in a duplicate proportion of the ve-

locities acquired by the fall ; it follows, that the descent for

M 4 acquiring

>
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more generally, if either its original velocity, its

potential random, or its potential range, ^t a given

angle are known, the other two arc easily round

out.

To facilitate the computation of resisted bodies

it is necessary, in the consideration of each resisted

body, to assign a certain quantity, which I shall

denominate F, adapted to the resistance of that

particular projectile. To find this quantity F to

any projectile given, we may proceed thus ; first

find, from the principles delivered in the former

paper, with what velocity the projectile must move,
so that its resistance may be equal to its gravity.

Then the height, from whence a body mustjdescend

in a vacuum to acquire this velocity, is the magni-
tude of F sought. But the concisestway of find-

ing this quantity F to any shell or bullet is this :

if it be of solid iron, multiply its diameter mea-
sured in inches by 300, the product will be the mag-
nitude of F expressed in yards. If, instead of a

solid iron bullet, it is a shell orabulletof someother
substance ;

then, as the specific gravity of iron is

to the specific gravity of the shell or bullet given,

so is the F corresponding to an iron bullet of the

same diameter, to the proper F for the shell or

bullet given. The quantity F bqing thus as-

signed, the necessary computations of these,resisted

motions may be dispatched by the thj*ee following

propositions, always remembering that these propo-
sitions proceed on the hypothesis of the resistance

/ being

1000*
acquiring a velocity of 1000 feet in a secoed is-^rr =15544

feet, which, doubled, gives 31088 feet or 10363 yards for the

potential random sought. And, in. the same manner, if the

potential random be given, the velocity of the projectile may be
found. For the number of feet, or half the potential random,
multiplied by 64J-, and the square root of the product extracted,

that root will express the feet the projectile moves in a second.

However^ shorter methods of solving these cases, and what aro

sufficiently exact for our purpose, will be explained in the 4th
paper hereafter inserted.
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being in the duplicate proportion of the velocity of
the resisted body. How to apply this principle,

when the velocity is so great, as to have its resist-

ance augmented beyond this rate, shall be shewn
in a corollary to be annexed tO'the first proposition.

PROP. I.

Given the actual range of a given shell or bullet

at any small angle not exceeding 8° or 10°, to de-
termine its potential range, and consequently its

potential random and original velocity.

• SOLUTION.
-

Let the actual range given be divided by the F
corresponding to the given projectile, and find the

quote in the first column of the annexed table.

Then the corresponding number in the second co-
lumn multiplied into F, will be the potential range
sought; and thence, by the methods already Ex-
plained, the potential random, and the original

velocity of the projectile is given.

• *

9

I
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Actual lorre»pona- i /tenia 1

I

Coritj*p-.nu-
] Actual C.or F0t*twin /4

in* potential

pressed in F.

express-
ed in r.

-

in* poten-
tial ranges

i rauigca
,

log potential ranges

«1 in F.Trd
erpreu.
e.l in V.

ranges ex-

pressed in F.

0,01 0,0100 1,5 2,6422
•

3,25 13,2556
0,02 0,0201 1,55 2,7890 3,3 13,8258
0,04 0,0405 1,6 2,9413 3,35 14,4195
0,06 0,0612 3,0994 3,4 15,0377
0,08 0,0822 1,7 3,2635 3,45 15,6814
0,1 0,1034 1,75 3,4338 3,5 16,3517
0,12 0,1249

0,1468

1.8 3,6107 3,55 17,0497
0,14 1 1,85 3,7944 3,6 \7J76%
0,15 0, 1578 1,9 3,9851 3,65 18,5341
0,2 0,2140

I'
95 4,1833 3,7 19,3229

0, 2,^ 0,2722 2, 4,3890 i3,75 20,1446
0,3 0,3324 2,05 4,6028 3,8 21,0006
0,35 0,3947 2,1 4,8249 3, So 21,8925
0,4 0,4591 2,15 5

y0557 j*,9 22,8218
0,45 0,5258 9. <2 5,2955 3,95 23,7901
0,5 0,5949 2,25 5,5446 4,0 24,7991
0,55 0,6664 2,3 5,8036 k,05 25, 8506
0,6 0,7404 2,35 6,0728 4,1 26,9465
0,65 0,8170 2,4 6,3526 4,15 28,0887
0,7 0,8964

I'f
6,6435 4,2 29,2792

0,75 0,9787 2,5 6,9460 4,25 30,5202
0,8 1,0638 2,55 7,2605 1 4,3 31,8138
0,85 1,1521 2,6 7,5875 4,35 33,1625
0,9 1,2436 2,65 7,9276 4,4 34,5686
0,95 1,3383 2,7 8,2813 4,45 36,0346
1,0 1,4366

1,5384

2,75 8,6492 4,5 37,5632
1,05 2,8 9,0319| 4,55 39,1571
1,1 1,6439 2,85 9,4300 4,6 40,8193
1,15 1,7534 2,9 9, 8442 4,65 42,5527
1,2 1 1,8669 2,95 10,2752 4,7 44, 3605

1 no 4 c 0,0 I0,/23/ 4,/o 46,2460
1,3 2,1066 3,05 11,1904 4,8 48,2127
1,35 2,2332

1

3,1 11,6761 , 4,85 50,2641
1,4 2,3646 3,15 12,1816 4,9 .52,4040

1,45 !2,5008
J

3,2 12,7078
'

1 4

4,95 ,

5,0 |,

54,6363

56,9653
l
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EXAMPLES.

An eighteen pounder, the diameter of whose shot

is about 5 inches, when loaded with 2lb. of powder
ranged at an elevation of 3° 30' to the distance of

976 yards.

The £ corresponding to this bullet is 1500 yards,

is 65, corresponding to which in the second column
is ,817, whence ,817 F, or 1225 yards, is the po-

tential range sought, and this augmented in the

ratio of the sine of twice the angle of elevation to

the radius, gives 10050 yards for the potential

random ; whence it will be found, that the velocity

of this projectile was that of 984 feet in a second.

COROLLARY 1st.

If the converse of this proposition be desired;

that is, if the potential range in a small angle be
given, and thence the actual range besought; this

may be solved with the same facility by the same
table. For if the given potential range be divided

by its correspondent F, then, opposite to the quote

sought in the second column, there will be found
in tne first column z. number, which multiplied

into F will give the actual range required. And
from hence it follows, that, if the actual range be

given at one angle, it may be found at every other

angle not exceeding 8° or 10°.

COROLLARY 2d.

If the actual range at a given small angle b&

given, and another actual range be given, to which
the angle is sought ; this will be determined by
finding the potential ranges corresponding to

the two given actual ranges ; then the angle

corresponding
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corresponding to one of these potential ranges

being known, the angle corresponding to the

other will be found by the common theory of
projectiles.

COROLLARY 3d.

If the potential random reduced from the actual

range by this proposition exceeds 1 3000 yards ; then
the original velocity of the projectile was so great

as to be affected by the treble resistance described

above; and consequently the real potential random
will be greater than what is here determined. How-
ever, in this case the true potential random may be
thus nearly assigned. Take a 4th continued pro-

portional to 13000 yards, and the potential random
found by this proposition, and the 4th proportional

thus found,may be assumed for the true potential ran-

dom sought. In like manner, when the true potential

random is given greater than 13000 yards, we must
take two mean proportionals between 13000 and
this random :* and the first of these mean propor-

tionals must be assumed instead of the random
given, in every operation described in these pro-

positions and their corollaries. And this method
will nearly allow for the increased resistance in

large velocities, the difference only amounting to

a few minutes in the angle of direction of the pro-

jected body, which, provided that angle exceeds
two or .three degrees, is usually scarce worth at-

tending to.

Of this process take the following example.

A twenty-four pounder fired with twelve pounds
of powder, when elevated at 7° 15', ranged about
2500 yards; here the F being near '1700 yards, the
quote to be sought in the first column is 147, to

which
* It may perhaps be unnecessary to observe, that the opera-

tions directed in this corollary are best performed by the table

of logarithms.
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which the number corresponding in the second co-

lumn is 2,556 ; whence the potential range is near

4350 yards, and the potential random thence re-

sulting 17400; but this being more than 13000,

we must, to get the true potential random, take a
4th continued proportional to 13000 and 17400,

and this 4th proportional, which is, about 31000
yards, is to be esteemed the true protential random
sought ; whence the velocity is nearly that of 1730
feet in a second.

*

SCHOLIUM.

This propbsition is confined to small angles, not

exceeding 8° or 10°, for reasons, which will be seen

hereafter, when I give the demonstration of this

and the ensuing problems. A subject, which be-

ing purely geometrical, I chuse to discuss in a

small tract by itself. In all possible cases of prac-

tice, this approximation, thus limited, will not

differ from the most rigorous solution by so much,
as what will often intervene from the variation of
the density of the atmosphere in a few hours time;

so that the errors of the approximation are much
short of other inevitable errors, which arise from
the nature of this subject.

PROP. II.

G iven the actual range of a given shell or bullet,

at any angle not exceeding 45°, to determine its

potential range at the same angle ; and thence its

potential random and original velocity.

SOLUTION.

Diminish the F corresponding to the shell or .

bullet given in the proportion or the radius to the

cosine of
-J-
of the angle of elevation. Then, by

1 means
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means of the preceding table, operate with this re*

duced F in the same manner as is prescribed in the

solution of the last proposition, and the result will

be the potential range sought ; whence the poten-

tial random, and the original velocity, are easily

determined.

EXAMPLE.

A mortar for sea-service, charged with 30lb. of
powder, has sometimes thrown its shell of 12* inches

diameter, and of 2311b. weight, to the distance of 2
miles or 3450 yards. This at an elevation of 45°.

The F to this shell, if it were solid, is 3825 yards;

but as the shell is only 4 of a solid globe, the true

F is no more than 3060 yards. This, diminished in

the ratio of the radius to the cosine of J of the

angle of elevation, becomes 2544. The quote of

the potential range by this diminished F is 1,384,

which sought in the first column of the preceding

table, gives 2,280 for the corresponding number
in the second column; and this multiplied into the

reduced F, produces 5800 yards for the potential

range sought
;
which, as the angle of elevation

was 45°, is also the potential random : and hence
the original velocity of this shell appears to be that

of about 748 feet in a second.

COROLLARY.

The converse of this proposition, that is, the de-

termination of the actual range from the potential

range given, is easily deduced from hence, by
means of the quote of the potential range divided

by the reduced F ; for this quote searched out in

the second column will give a corresponding num-
ber in the first column, which multiplied into the

reduced F, will, be the actual range sought.

Also, if the potential random of a projectile be

given, or its actual range at a given angle of ele-

vation;
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vation ; its actual range at any other angle of ele-

vation, not greater than 45°, may hence be known.
For- the potential random will assign the potential

range at any given angle, and thence, by the me-
thod of this corollary, the actual range may be

found.

EXAMPLE. '

A fit musquet bullet fired from a piece of the

standard dimensions, with 4- of its weight in good
powder, acquires' a velocity of near 900 feet in a
second ; that is, it has a potential random of near

8400 yards. Ifnow the actual range of this bullet

at 15° was sought, we must proceed thus.

From the given potential random it follows, that

the potential range at 15° is 4200 yards, the dia-

meter of the bullet is I of an inch, and thence, as :

it is of lead, its proper F is 337,5 yards, which,

reduced in the ratio of the radius to the cosine of^
of 15°, becomes 331 yards. The quote of 45200

by this number is 12,7 nearly, which, being sought
in the second column, gives 3,2 nearly for the cor-

responding number in the first column ; and this

multiplied into 331 yards (the reduced F) makes
1059 yards for the actual range sought.

EXAMPLE II.

The same bullet, fired with its whole weight in

powder, acquires a velocity of about 2100 feet in

a second, to which there corresponds a potential

random of about 45700 yards. But this number
greatly exceeding 13000 yards, it must be reduced

by the method described in the third corollary of

the first proposition, when it becomes 19700 yards.

If now the actual range of this bullet at 15° was
required, we shall from hence find, that the poten-

tial range at 15° is 9850 yards, which, divided by
the reduced F of the, last example, gives for a

1 quote r
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quote. 2975 ; and thence, following the steps pre-
scribed above, the actual range of this bullet

comes out ]3y6 yards, exceeding the former range
by no more than 337 yards ; whereas the differ-

ence between the two potential ranges is above
ten miles. Of such prodigious efficacy is the re-

sistance of the air, which hath been hitherto treat-

ed as too insignificant a power to be attended to
in laying down the theory of projectiles.

SCHOLIUM.

The demonstration of the methods I have hi

therto explained, for computing the motions of
resisted bodies, I propose to refer to the geome-
trical part ; where the principles and limits of these

approximations will be discussed. But I must
here observe, that as the density of the atmosphere
perpetually varies, increasing and diminishing
often by part, and sometimes more, in a few
hours ; for that reason I have not been over rigo-

rous in forming these rules, but have considered

them as sufficiently exact, when the errors of the

approximation do not exceed the inequalities,which
would take place by a change of part in the

density of the atmosphere. With this restriction,

the rules of this proposition may be safely applied

in all possible cases of practice. That is to say,

they will exhibit the true motions of all kinds of
shells, and cannon-shot, as far as 45° of elevation,

and of all musket-bullets fired with their largest

customary charges, if not elevated more than 30°.

Indeed, if experiments are made with extraordi-

nary quantities of powder, producing potential

randoms greatly surpassing tne usual rate ; then
in large angles some farther modifications may be
necessary. And though, as these cases are beyond
the limits of all practice, it may be thought unne-
cessary to consider them; yet, to enable those

who
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who are so disposed, to examine these uncommon
cases ; I shall here insert a proposition, which will

determine the actual motion of a projectile at 45°,
,

how enormous soever it* original- velocity may be.

But as this proposition will rather relate to specu-

lative than practical cases, instead of supposing
the actual range known, thence to assign the po-
tential random, I shall now*suppose the potential

random given, and the actual range to be thence
investigated. *

- PROP. III.
'

Given the potential random of a given shell or

Jbullet; to determine its actual range at 45°.

SOLUTION.
ti . . ....

Divide the given potential random by the F cor-

responding to the shell or bullet given, and call

the quotient q, and let 1 be the difference between
the tabular logarithms of 25 and of q, the loga-

rithm of 10 being supposed unity ; then the actual

range sought is 3,4 F + 2lF— F, where the dou-

ble sign of 2lF is to be thus understood ; that if q
be less than 25, it must be— 2lF ; if it be greater,

then it must be 4* 2lF. In this solution q may be

any number not less than 3, nor more than 2500.

COROLLARY.

Computing in the manner here laid down, we

•

- - 1— £ 2 .

— —r
following table.

N Potential
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Potential Random. Actual Range ^t 45*\*

6 F . Ifl F
10 F 2,6 F
20 F 3,2 F
30 F 3,6 F
40 F 1 3,8 F
50 F 4,0 F
100 F .4,6 F
200 F 5,1 F
500 F !— 5,8 F
1000 F 6,4 F
2500 F _ 7,0 F

Whence it appears, that, when the potential ran-

dom is increased from 3F to 2500F, the actual

range is only increased from 1^ F to 7 F ; so that

an increase of 2497F in the potential random, pro-

duces no greater an increase in the actual range

than 54- F, which is not its T4-ir part ; and this will

again be greatly diminished on account of the in-

creased resistance, which takes place in great velo-

cities. So extraordinary are the effects of this re-

sistance, which we have 1 been hitherto taught to

regard as inconsiderable.

That the justness of the approximations laid

down in the 2d and 3d propositions may be easier

examined ; I shall conclude these computations by
inserting a table of the actual ranges at 45° of a
projectile, which is resisted in the duplicate propor-

tion of its velocity. This table is computed by
methods different from those^ hitherto described,

and is sufficiently exact to serve as a standard, with

which the result ofour other rules may be compared.
' And since whatever errors occur in the application

of the preceding propositions, they will be most
sensible at 45° of elevation, it follows, that hereby

the utmost limits of those errors may be assigned.

Potential
< «
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Potential Randoms. Actual Range at 45°.

,1 F ,0963 F
. ,25 F ,2282 F

)5 F ,4203 F
,75 F ,5868 F
1,0 F ,7323 F
1,25 F ,860 F
1,5 F ' ,978 F
1>75 p 1,083 F
2,0 F 1,179 F
2,5 F 1,349 F
3>0 F 1,495 F
3,5 F 1,624 F
4>0 F 1,738 F
4,5 F 1,840 F
5,0 F . . • 1,930 F
5,5 F 2,015 F
6,0 F 2,097 F
6,5 F — 2, 169 F
7,0 F — 2,237 F
7,5 F 2,300 F
8,0- F 2,359 F
8,5 F 2,414 F
9,0 F 2,467 F
9,5 F 2,511 -F

10,0 F 2,564 F
11,0 F . 2,651 F
13,0 F 2,804 F
15,0 F 2,937 F
20,0 F 3,196 F
25,0 F 3,396 F
30,0 F — 3,557 F
40>o F 3,809 F
50,0 F — — 3,998 F .

4

Thus* I have dispatched all I thought necessary

to insert in this paper, relating to the computa-.

tions of'the actual motions of shells and bullets. It

might now perhaps be expected, that I should ex-

N3' emplify
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emplify these rules by applying them to the exami-
nation of a number of experiments made with va-
rious kinds of artillery at different angles. But
besides the doctrine orthe air's resistance, to whicji
this paper hath been hitherto confined ; the theory,

which I have undertaken to establish, consists of
another branch not less important r I mean the
consideration of the action of fired powder, and
the assigning from thence the velocity and poten-

tial random of a given bullet impelled by a given
charge. As therefore the experiments, I shallhere-

after produce, are adapted to the confirmation of
both branches of the theory ; the xfecussion ofthem
must be of course postponed, tttt the doctrine of
the action of powder be explained. And that is

too copious a subject to be confined within the li-

mits of this paper
;
especially too as it is extreme-

ly necessary, before any other steps are taken on
the present subject, to explain distinctly the irre-

gularities, which frequently occur in the flight of
projectiles, and which divert them so wonderfully

from their assigned track. This, though hitherto

unobserved, is a matter of very great import in the

theory of the motions of military projectiles. And
I shall here endeavour to discuss it ivith as much
conciseness afc I can.

Almost every projectile, besides the forces we
have hitherto considered, that is, its gravitation,

and that resistance of the air which directly op-
poses its motion, is affected by a third force, which
acts obliquely to its motion, and in a variable di-

rection ; ancf which consequently deflects the pro-

jectile ftotn its regular track, and from the vertical

plane, m which it began to move; impelling it

sometimes to one side, and sometimes to the other,

occasioning thereby very great inequalities in the

repeated ranges of the Same piece> though eaoh
time loaded and pointed in the same manner; and
this force operating thus irregularly I conceive, to

V be
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be the principal source of all that uncertainty and
confusion in the art of gunnery, which hath hi-

therto been usually ascribed to the difference of
powder. The reality of this force, and the cause

which produces it* will, I hope, appear from the

following considerations.

It will easily be granted, I suppose, that no shell

or bullet can be discharged from the pieces gene*

rally in use, without rubbing against their sides*

and thereby acquiring a whirling motion, as well

as a progressive one. And as this whirl will in one
part of its revolution conspire in some degree with
the progressive motion, and in another part , be
equally opposed to it ; the resistance of the air on
the fore part of the bullet will be hereby affected,

and will be increased in that part where the whir-
ling motion conspires with the progressive, and
diminished where it is opposed to it. And by this

means the whole -effort of the resistance, instead

of being in a direction opposite to the direction of
the body, will become oblique theretOj and will

produop those effects we have already mentioned.

If it was possible to predict the position of the

axis, round which thie bullet should whirl, and if

that axis was unchangeable during the whole flight

of the bullet, then the abberration of the bullet by
this oblique force would be in a given direction,

and the incurvation produced thereby would re*

gularly extend the same way, from one end of its

track to the other. For instance, if the axis of
the whirl was perpendicular to the horizon ; then
the incurvation would be to the right or left* If

that axis were horizontal and perpendicular to the

direction of the bullet; then the incurvation would
be upwards or downwards. But as the first posi-

tion of this axis is uncertain, and as it may perpe*

tually shift in the course of the bullet's ; flight, the
deviation of the bullet is not necessarily either in

0ne certain direction, nor tending to the same..side

N 3 in
» *
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in one part of its track that it does in another, but
it more usually is continually changing the ten-

dency of its deflection, as the axis, round which it

whirls, must frequently shift its position to the pro-

gressive motion by many inevitable accidents.

That a bullet, generally acquires such a rotatory

motion, as I have here described, and that these

irregularities are the necessary consequences ofsuch
a rotation, is, I think, demonstrable. However,
as in these novel assertions, I would leave no room
for doubt or dispute, I propose first to shew to

the society, by an obvious experiment*, that thg

direction of a ball will be sensibly Changed by
compounding its progressive motion with a revolv-

ing one, although both these motions, and conse-

quently their effects, are prodigiously short ofwhat-
must necessarily take place in military projectiles

;

and I next propose to exhibit to any gentlemen,

who will honour me with their company, an ocular

proof of the deflection of musket bullets, even in

the small interval of 60, 70, or 100 yards. It is

true, in larger intervals these inequalities are much
more considerable; for I have seen a bullet in a
range of 700 yards deviate above 100 yards ftora

its direction. ' But as proper ground sufficient for

these extended trials is not to be met with in the

neighbourhood of London, I hope the experiments
I shall rnake m a shorter space, as they will evince

the reality of these deflections, will procure belief

to other experiments where they have been much
greater. What methods are necessary for the

avoiding of these divarications, I may perhaps
treat of in the course of some future -papers on tne
subject of gunnery.

I shall only add, that, as it may be imagined,
that the effects of the oblique resistance, I have
here described, can be nicely ascertained by the

u ; , : ' - common
* Thi9 experiment, with all the others mentioned in this an<J

the next paragraph, are described in the following paper.

Digitized by



OF GUNNERY. 199

common established doctrine of the.action of fluids

on a surface placed oblique to their motions : I

must therefore observe (to prevent any persons from
wasting their time in so fruitless an examination)

that all the positions hitherto laid down by any
author whatever, about the comparative resistances

of oblique surfaces, are most egregiously erroneous.

It would too much enlarge the present paper to

demonstrate this in every instance ; I shall there-

fore content myself with exhibiting one experi-

ment, which, if properly weighed, will, I believe,

render that trouble unnecessary. In this experi-

ment I shall shew, that two equal surfaces, each
of them meeting: the air with the* same degree of

obliquity, are yet so differently resisted, that

though in one the resistance be less than that of a

perpendicular surface meeting the same quantity

of air, yet in the other it is greater. But on this

important subject (the compleating of which is

absolutely necessary to the establishing the true

theory of ship-building and sailing) I hope to be

more explicit hereafter.

N4< No. Ill,
* #
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An Account of the Experiments, relating to

the Resistance of the Air, exhibited at dif-

ferent, Times before the Royal Society, in

. the Year 1746.

I y the latter end of the last summer, I delivered in

two papers to the society on the resistance of the
air : the first endeavouring to demonstrate the very
great effects thereby produced in the motion of al-

most every military projectile, and consequently
the necessity of considering it in all speculations

upon the subject of gunnery ; the other contain*
' ing a more accurate and minute explication of the

laws observed by this resistance, together with
rules for computing the actual ranges of projectiles
as influenced and regulated thereby. And, to
compleat this subject, there was inserted, in this

last paper, a description of an extraordinary and
hitherto unsuspected irregularity, to which these

motions are liable ; with a discussion of the causes
of the disturbing force, by which it is brought
about. And hence occasion was taken to add, in

the conclusion, some very paradoxical assertions

relating to the difference, that is found in the re-

sistance of the air to the same oblique surface, only
by varying of such circumstances as have hitherto

been supposed to have no connexion with that re-

sistance.

The propositions advanced in these papers, be-
ing most of them directly contrary to the opinions
generally received on this subject; their proof de-

pended on certain experiments, which I had my-
self

%
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«elf frequently repeated, and which; upon this oc-

casion, I exhibited to the society. And as they

vfcte often reiterated before numbers of the mem*
bers, and always with sufficient success ; I think

it incumbent on me to describe the machines and
methods made use of on this occasion, together

with an account of the nature and events of the

trials thus exhibited,
v For I conceive a narration

of this kind, corroborated by the recollection of
those gentlemen who were then present, will be a

much stronger confirmation of the principles, I ad-

vance, than the result of any experiments, which
depended merely on my own relation. For my
single evidence might perhaps be considered as

precarious ; as I might at least be suspected of be-

ing biassed towards those novel doctrines, ofwhich
I profess myself in some degree the inventor.

To begin then with this narration, it is neces-

sary to mention, that, in the first paper delivered

to the society, I asserted the two following propo-
sitions :

First, " That the resistance of the air to a 12lb.

" iron bullet, moving with a velocity of 25 feet in
i( a second, is not less than halfan ounce avoirdu-
u pois."

Secondly, " That the resistance of the air,

" within certain limits, is nearly in the duplicate
" proportion of the velocity of fhe resisted body."

These propositions are in themselves neither un-
known nor doubtful ; but yet, as they are the ba-

sis of some other assertions, which have been hi-

therto constantly contested and denied ; I thought
it requisite to evince their veracity by more un-
questioned and simpler methods, than have been
hitherto practised : for this purpose, I therefore

caused a machine to be made of the form repre-

sented in the annexed drawing*, which was most
excellently executed under the direction of Mr.

Ellicott
* Plate II. Fig, I. *r
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Ellicoty and was completely fitted for the use in-

tended bv many contrivances, some of them not
contained in the drawing, nor necessary to be par-

ticularized in this place. For
a
it is sufficient, tor

the purpose of the following experiments, to des-

cribe its general fabric, by observing that BCDE
is a brass barrel moveable on its axis, amiso adjust-

ed by means of friction wheels, which are not re-

presented in the drawing, as to have no friction

worth attending to. The frame, in which this

barrel is fixed, is so placed, that its axis may be

perpendicular to the horizon. The axis itseJf is

continued above the upper plate of the frame, and
has fastened on it a light hollow cone AFG ; from
the lower part of this cone there is extended a long

arm of wood GH, which is very thin, and cut

featlier-edged, and at its extremity there is a con^-

trivance for fixing on the body, whose resistance

is to be investigated (as here the globe P) and, to

prevent the arm GH from swaying out of its hori-

zontal position by the weight of the annexed body
P, there is a brace AH of fine wire fastened to

the top of the cone, which supports the end of the;

arm. .
>

; . ^ .

Round the barrel BCDE there is wound a finfc

silk line, the turns of which appear in the figure,

and after this line hath taken a sufficient number
of turns, it is conducted nearly horizontally to the

pully L, over which it is passed, and then a proper

weight M is hung to its extremity. If this weight

be left at liberty, it is obvious, that it will descend

by its own gravity, and will by its descent turn-

round the barrel BCDE, together with the arm
GH and the bodv P fastened to it And whilst

the resistance ou the arm G II.and on the body P
is less than the weight M, that weight will accele*

rate its motion, and thereby the motion of GH
and P will increase, and consequently, their resist-*

^nce will increase, till at last this resistance and
, the
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tlie weight M become nearly equal to each other*

The motion with which M descends,, and with
which the body P revolves, will not sensibly dif-

fer from an equable one. Whence it is not difficult

to conceive, that by proper observations made
with this machine. The resistance of the body P
may be determined, the most natural method of
proceeding in this investigation is as follows. Let
the machine have. first acquired its equable mo-
tion (which, as will hereafter appear, will be usu-
ally attained in five or six turns from the begin-

ning) and then let it be observed, by counting a
number of turns, what time is taken up by one
revblution of the body P ; then taking off the body
P and the weight M[ let it be examined, what
smaller weight will make the arm GH revolve in

the same time, as when P was fixed to it; this

smaller weight being taken from M, the remain-

der is obviously equal in effort to the resistance of
the revolving body P; and this remainder being
reduced in the ratio of the length of the, arm to the

semidiameter of the barrel, will then become equal

to the absolute quantity of the resistance. And as

the time of one revolution is known, and conse-

quently the velocity of the revolving body ; there

is thereby discovered, the absolute quantity of the

resistance to the given body P, moving with a

given degree of celerity.

And note, that to avoid all exceptions, I have
generally chose, when the body P was removed, to

fix in its stead a thin piece of lead of the same
weight, placjed horizontally ; so that the weight,

which was to turn round the arm GH without the

body P, did also Carry round this piece of lead.

This I did, lest it should be objected, that the
body P retarded the weight M by its quantity of
matter, as well as by its resistance. But mathe-
maticians will easily allow, that there was no ne-

cessity for this precaution.

The
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The measures of the parts of this machine were,
as follows : i

Inches.

The diameter of the barrel BCDE and of
the silk string wound round it was 3,06
The length of the arm GH measured from

the axis to the surface of the globe P was 4&5
The body P, the globe made use of was

of pasteboard, its surface very neatly coated

with marble paper. It was aot much dis-

tant from the size of a 12lb. shot, being in

diameter 4,5

So that the radius of the circle described

by the centre of the globe was 51,75
When this globe was fixfd at the end ofthe arm,

and a weight of half a pound was hung at the end
of the string at M ; it was exam'moa, how soon
the motion of the descending weight M, and of
the revolving globe P, would become equable as

to sense* And with this view three revolutions

being suffered to elapse, it was found, that

The next 10 were performed in 27"t
20 in less than 55
30 in 82 i

So that the first 10 were performed in 27"*

2d 10 in 27 t
3d 10 in 27 i

These experiments sufficiently evince, that even
with half a pound, the smallest weight hereafter

used, the motion of the machine was sufficiently

equable after the first three revolutions.

And now to prove the two forementioned pro*

positions, the following experiments were made j

the times marked down being observed by several

stop-watches, which rarely differed half a second
from each other.

The forementioned globe being fixed at the end
of the arm, there was hung on in the situation M a

weight of Sib. J, and 10 revolution^ being suffered
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to elapse, the succeeding £0 were performed in

- Sl'i-.

Then the globe being taken off, and a thin plate

of lead, equal to it in weight, placed in its room ; it

was found, that, instead of Slb.-J-, a weight of lib.

would make it revolve in less time, than it did

before, it performing 20 revolutions, after 10 were
elapsed, in the space of 19 seconds.

Hence then it follows, that from the Slb.-J- first

hung on, there is less than lib. to be deducted for

the resistance on the arm, and consequently the

resistance on the globe itself is not less than the

effort of 2lb.4 in the situation M ; and it appear-

ing fi;om the former measures, th4t the radius of

the barrel is nearly part of the radius of the cir-

cle described by the centre of the globe; it follows,

that the absolute resistance of the globe, when it

revolves 20 times in Ql'i (which, if comp\ited by
the measures given above, comes out a velocity of
about 25f feet in a second) it follows, I say, that

the resistance of the globe in thrs case is not less

than the TV part of 2lb.4, or than the -fV part of 36
ounces : ana this being considerably more than

half an ounce, and the globe being nearly the size

of a 12 pounder; it irrefragably confirms our first

proposition, " That the resistance of the air to a
" 12lb. iron bullet, moving with a velocity of 25
u feet in a second, is not less than half an ounce
14 avordupois."

The next experiments were made with a view
of examining the 2d proposition. And for this

purpose there were successively hung on in the si-

tuation M weights in the proportion of the num-
bers 1, 4, 9, 16; and letting 10 revolutions first

^lapse, the observations on those that follow, were
*s under.

With lib. the globe went 20 turns in 54*4

that is, it went > 10 turns in 27 i
With 2lb. it went 20 turns in 27 4

With
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With 4lb.-i- it went 30 turns in 27*4-

With 8lb. it went 40 turns in 27 ^
So that it appears, that to resistances of the pro-

portions of the numbers 1, 4, 9, 16* there corres-

pond velocities of the resisted body in the propor-
tion of the numbers 1, 2, 3, 4, which proves with
great nicety, within the limits of these experi-

ments, the second proposition contained in our
first paper^ " That the resistance of the air is
4

' nearly in the duplicate proportion of the velocity
" of the, resisted body. That is, it is four times as
" much when the resisted body moves with twice
" the velocity; nine times as much, when it moves
" with three titties the velocity, and so on."

These were the experiments exhibited to evince

the assertions contained in the first paper, and
these having been shewn at different times to num-
bers of the society, without any exceptions being
made thereto, that I have yet heard of; they were
taken for granted in my second paper, and consi-

dered as a full confirmation of what I had before

advanced.

The second paper, though principally employed
in giving rules for the computation of the motions
of military projectiles, as modulated by the resist-

ance of the air, did yet?, in the latter part of it,

contain some observation relating to the hitherto

unheeded effects produced by this resistance ; for

its action is not solely employed in retarding the

motions of projectiles, but some part of it exerted

in deflecting them from their course, and in twjst-

ing them in all kinds of directions from their regu-

lar track ; this is a doctrine, which, notwithstand-

ing its prodigious import to the. present subject,

hath been hitherto entirely unknown, or unattend-
ed to ; and therefore the experiments, by which I

have confirmed it, merit, I conceive, a particular

description ; as they are themselves too of a very
singular kind.

The
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The basis of this doctrine, which I have explain-

ed at large at the end of my second paper, but

which it is necessary to describe in a few words in

this place, is this ; that almost all bullets receive a
whirling motion by rubbing against the sides of
the pieces, they are discharged from ; and that this

whirling; motion of the bullet occasions it to strike

the air obliquely, and thereby produces a resistance,

which is oblique to the track of the bullet, and
consequently perpetually deflects it from its course.

The first experiment, exhibited on this occasion,

was to evince, that the whirling motion of a ball,

combining with its progressive motion, would pro-'

duce such an oblique resistance and deflective

power, as is herein mentioned. For this purpose,

a wooden ball, 4i inches diameter, was suspended

by a double string about eight or nine feet long.

Now by turning round the ball, and twisting the

double string, the ball, when left to itself, would
have a revolving motion given it from the untwist-

ing of the string again. And if, when the string

was twisted, the ball was drawn a considerable

distance from the perpendicular, and there let go

;

it would at first, before it had acquired its revolv-

ing motion, vibrate steadily enough in the same
vertical plane, in which it first began to move;
but when, by the untwisting of the string, it had
acquired a sufficient degree of its whirling motion,

it constantly deflected on the right or left of its

first track ; and sometimes proceeded so far, as to

have its directipn at right angles to that, in which
it began its motion ; and this deviation was not
produced by the action of the string itself, but
appeared to be entirely owing to the resistance be-

ing greater on the one part of the leading, surface

of the globe than on the other. For the deviation
' continued when the string was totally untwisted,

and even during the time that the string, by the

motion the globe had received, was twisting the
• - 1 contrary
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contratry way. And it was always easy to pre-

dict, before the ball was let go, which way it

would deflect, only by considering on which side

the whirl would be combined with the progressive

motion; for on that side always the deflecting

power acted ; as the resistance was greater here,

than on the side where the whirl and progressive

motion were opposed to each other.

This experiment is an incontestible proof, that,

if any bullet, besides its progressive motion, hath

a whirl round its axis ; it will be deflected in the

manner here described. And as it is scarcely pos-

sible to suppose, but that every bullet, discharged

from the pieces now in common use, must receive

such a whirl from its friction against the sides of

the piece ; the proposition might perhaps be safely

rested on this single experiment. But not to leave

any thing doubtful in a subject liable to so much
contestation; I undertook to evince, by an
ocular proof, the reality of this deflection in mus-
quet-bullets, even in so short an interval as a hun-
dred yards. And these experiments having suc-

ceeded to the general satisfaction of those who
honoured me with their company ; I shall here de-
scribe, as briefly as I can, the manner in which they

were tried, and tlie conclusions resulting from them.

As all projectiles in their flight are acted on by
the power of gravity, the deflexion of a bullet from
its primary direction, supposes that deflexion to be
upwards or downwards m a vertical plane ; be-

cause, in the vertical plane, the action of gravity

is compounded and entangled with the deflective

force. And for this reason, my experiments have
been principally directed to the examination of
that deflexion, which carries the bullet to the
right or left of the vertical plane, in which it be-

gan to move. For if it appears at any time, that

the bullet has shifted from that vertical plane, in

which its motion began ; this will be an incontes-

table
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'table confirmation of what we asserted* Since no
other power but that unequal resistance, which we
here insist on, can occasion a body in motion to

deviate from the vertical plane, in which it has

once moved.
Now by means of screens of exceeding thin pa-

per,^placed parallel to each other at proper dis-

tances, this deflection in question may be many
ways, investigated. For by firing bullets which
shall traverse these sevens, the flight of the bullet

may.be, traced out; and it may easily appear, whe-
ther they do or do not keep invariably to one ver-

tical plane. This examination may proceed on
three different principles, which I shall here sepa-

rately explain.

: For first an exact vertical plane may be traced

out upon all these screens, by which the deviation

of any single bullet may be more readily investi-

gated, only by measuring the horizontal distance

of its trace from the vertical plane thus delineated,

and by this means the absolute quantity of its

aberration may be known.
Or if the description of such a verical plane

should be esteemed a matter of difficulty and
nicety, a second method may be followed, which
is that qf resting the piece in some fixed notc,h or

socket, so that though the piece may have some
little play to the right and left, yet all the lines,

in which the bullet can de directed, shall intersect

each other in the center of that fixed socket
;
by

this means, if two different shot are fired from
the piece thus situated, the horizontal distances

c-f the traces made by the two bullets on any two
screens, ought to be in the same proportion tQ

each other as the respective distances of these

screens . from the socket, in which the piece was
laid. And if these horizontal distances differ from
that proportion ; then it is certain, that one of

these shot at least hath deviated from a vertical

.

' \ O :
plane,
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plane, although the absolute quantity of that de-

viation cannot be hence assigned ; because it c%an-
tiot be known, what part of it is to be imputed to

one bullet, and what to the other.

But if the constant and invariable position of
the notch or socket, in which the piece was placed,

be thought too hard an hypothesis in this aery
nice affair; the third method, and which is the

simplest' of all, requires no more than, that two
shot be fired through three screens, without any

regard to the position of the piece each time. For,

in this case, if the shots diverge from each other,

and both keep to a vertical plane ; then if the ho-
rizontal distances of their traces on the first screen

be taken from the like horizontal distances on the

second and third, the two remainders will be in

the same proportion with the distances of the se-

cond and third screen from the first. And if thev

are not in this proportion, then it will be certain,

that one of them at least hath been deflected from
the vertical plane

;
though here, as in the last in-

stance, the quantity of that deflexion in each wjll

not be known.
All these three methods I have myself made use

of at different times; and have ever found the

success agreeable to my expectation. But what
I thought the most eligible for the experiments,

which I proposed to shew to the society, was a
compound of the two last, and the apparatus was

as follows

:

On—, being the first day appointed for these

trials, the weather was unfavourable, and the ex-

periments on that account more confused than

cbuld have been wished, though they were far from
inconclusive. But on the next Thursday two
screens were set up in the large walk in the Char-
ter-house garden ; the first of them at §50 feet dis-

tance from the wall (which was to serve for a third

screen) and the second two hundred feet from the

1 same

Digitized by



OF GUNNERY. 211

ame wall. And at fifty feet before the first screen,

or at 800 feet from the wall, there was placed a

large block, weighing about 200ib. weight, and
having fixed into it an iron bar with a socket at

its extremity, in which the piece was to be laid.

The piece itself was of a common length, and was
botod for an ounce ball. *It was each time loaded

with a ball of 17 to the pound, (so that the win-

dage was extremely small) and with a i of an
ounce of good powder. The spreens were made
of the thinnest issue paper ; and the resistance,

they gave to the bullet (and consequently their

probability of deflecting it) was so small, that a
bullet lighting one time near the extremity of
one of the screens, left a fine thin fragment of it

towards the edge entire, which was so very weak,
that it appeared difficult -to handle it without break-

ing. These things thus prepared, five shot were
made with the piece rested in the notch described

above; and the horizontal distances between the

first shot, which was taken as a standard, anil the

four succeeding ones, both on the first and second
screen, and on the wall, measured in inches, were
as follows

:

1st screen. 2d screen. wall.

1 to 2 1,75 R 3, Id R 16,7 R
3 10, L 15,6 L 69,25 L
4 1,25 L 4,5 L 15,0 L
5 2,15 L 5,1 L 19,0 L

Here the letters R and L denote, that the shot

in question went either to the right or left of the

first.
%

If the position of the socket, in which the piece

was placed, be supposed fixed, (and I presume no
person thtn present conceived, during these trials,

that it could possibly vary the 10th of an inch
from its first situation) then the horizontal dis-

tances, measured above on the 1st and 2d afcreen,

and on the wall, ought to be in the proportion of

O 2 the
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the distances, of the 1st screen, the 2d. screen, and
the wall, from the socket. But, by only looking

over these numbers ; it appears, that none of them
are in that proportion. The horizontal distance

of the 1st and 3d (for instance) on the wall being

above 9 inches more, than it should be by this

analogy.

If, without supposing the invariable position of
the socket, we examine the comparative horizontal >

-

distances according to the third method described

above; we shall in this case discover divarications

still more extraordinary. For by the numbers set

down it appears, that the horizontal distances of
the 2d and 3d shot on the two screens, and on the

wall, are as under

:

1st screen 2d screen wall

11,75 :.
* 18,75

\
85,95

Here, if, according to the rule given above, the

distance on the first screen be taken from the dis-

tances on the other two, the remainder will be 7,

and 74,2 ; and these numbers, if each shot kept to

a vertical plane, ought ^ to be in the proportion of
1 to 5, that being the proportion of the distances

of the second screen, and of the wall from the firstl

But the last number 74,2 exceeds what it ought .

to be by this analogy, by 39,2. So that between
them there is a deviation from the vertical plane

of above 39 inches ; and this too in a transit of
little more than 80 yards.

,

But further, to shew that these irregularities do
not depend upon any accidental circumstances of
the ball's fitting or not fitting the piece, there were
five shots more made with the same quantity of
powder as before; but with sriialler .bullets,, which
ran much looser in the piece. And the horizontal

distances being pleasured in iriches from the trace

of the first bullet to each of the succeeding ones,

the numbers were as follow

;

1st screen
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1st screen 2d screen wall

1 to 2 < 15,6 It 31,1 R 94,0 R
3 6,4 L 12,75 L 23,0 L
4 4,7 R 8,5 R 15,5 R
5 12,6 R 24,0 R 63,5 R

Here again, on* the supposed fixed position of

the piece, the horizontal distance on the wall, be-

tween the first and third, will be found to be above
15 inches less, than it should be, if each kept to a

vertical plane. And like irregularities^ though
smaller, occur in every other experiment. And if

they are examined according to the third method
set down above ; and the horizontal distances of
the third and fourth, for instance, are compared,
these on the first and second screen, and on the wall,

appear to be thus

;

1st screen 2d screen wall

11,1 21,25 38,5

And if the horizontal distance on the first screen

be taken from the other two, the remainders will

Jbe 10,15 and 27,4; where the least of them, in-

stead of being five times the first, as it ought to

be, is 23,35 short of it. So that here there is a

deviation of above 23 inches.

From all these experiments the deflexion-in

question seems to be incontestably evinced. But
to give some farther light to this subject, I took a

barrel of the same bore with that hitherto used
;

and bent it at about thrbe or four inches from its

muzzle to the left, the beiuT making an angle of
3° or 4° with the axis of the piece. - This piece!,

thus bent, was fired with a loose ball, and the same
quantity of powder hitherto used, the screens of
the last experiment being still continued. It was
natural to expect, that If this piece was pointed
by the general direction of its axis; the ball would
be canted to the left of that direction-by the bend
near its mouth. But as the bullet, in passing

through that bent part, would, as I conceived, be
O 3 forced
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forced to roll upon the right-hand side of the bar-

retl, and thereby the left side of the ballet would
turn up against the. air, and would increase the

resistance on that side ; I predicted to the com-
pany then present, that if the axis, on which the

bullet whirled, did not shift its position after it

was Separated from the piece, then, notwithstand-

ing the bend of the piece to the left, the bullet itr
,

self might be expected to incurvate towards the

right; and this, upon trinl, did most remarkably
happen. . For one of the bullets fired ftom this

bent piece,
!

passed through the first. screen about

inch distant from the trace of one of the shot

fired from the straight piece in the last set of ex-

periments. On the second screen the traces of the

same bullets were about three inches distant, the

bullet from the crooked piece passing on both
screens to the left of the other; but comparing
the place$ Ojf these bullets on the wall, it appeared,

that the. bullet from the crooked piece, though it

diverged from the track of the other on the two
screens, had now crossed that track, and was de-

flected considerably to the right of it: so that it

was obvious, that, though the bullet from the

crooked piece might at first be canted to the left,
'

and had diverged from the track of the other buj-

Jet,, with which it was compared,; yet by degrees

it deviated again to the right, and a little beyond
the secpnd screen crossed that -track, from which
it before diverged ; and on the wall was deflected

14 inches, as I remember, on the contrary aide.

And this experiment is not only the most convince

ing proof of the reality of this deflexion here con-»

tended for; but is likewise the strongest confirm

mation, that it is brought about in the very man-
ner, and by the very circumstances, which we
have all along described.

These were the experiments exhibited for the

establishing of this new doctrine, and which,

being

*

Digitized by



v ; OF GUNNERY. 215

being performed in this public manner, and so ge-

nerally acquiesced in by those who were present,

. will., I hope, secure me from the harsh and male-
volent censures, which propounded of new opini-

ons are generally exposed to. This doctrine is, I

confess!' of so extensive an influence, and destroys

such a multitude of theories, projects, and conclu-

sions, with which the modern writers on the art of

x gunnery have abounded, that it will not be aflmit-

tep! but with the greatest caution and difficulty :

but after the success of the experiments heie re-

cited (and they bear but a very small proportion to

those, I have myself tried ox\ the same occasion) it

will not be easy, I cpneeive, to urge apy exceptions

against it, that shall have the air of validity. , And
I think, I am so much master of this subject, as to

undertake the refutation of whatever, objections

shall be hereafter started upon this head. I hav<?

only now to add, that, as I suspected, tire consi*

deration of the revolving motion of the bullet,

compounded with its progressive motion^ might he
considered as a subject of mathematical, specula-

tion, and that the reality of any deflecting force,

thence arising, might perhaps be denied by, some
cpmputists upon the principles hitherto received of

the action of fluids : to prevent a top hasty discus-

sion, of this kind, I thought proper to annex a few

experiments, with a view of evincing the strange

•deficiency of all theories of this sort hitherto estab-

lished, and the unexpected a.nd wonderful varie*

ties, w hich occur in these ^matters. \ The proposi-

tion which I advanced for this purpose being, that

two equal surfaces mee.ting the air with the same
degree of obliquity, may be sp differently resisted,

that, though in one of them the resistance is less

than that of a perpendicular surface meeting the

same quantity of air, yet in the other it shall be
considerably greater.

,

,

To make out this proposition, I made use of the

0 4
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machine described in the first part of this paper,

and having prepared a pasteboard pyramid, whose
base was four inches square, and whose planes

made angles of 45° with the plane of its base ; and
also a parallelogram, four inches in breadth and
5£ in length, which was equal to the surface of
the pyramid. The globe P was taken off from the

machine, and the pyramid was first fixed on; and
2lb. being hung at M, and the pyramid so fitted

as to move with its vertex forwards, it performed

20 revolutions, after the first 10 were elapsed, in

Then the pyramid being turned so that its base,

which was a plane of four inches square, went
foremost ; it now performed 20 revolutions with

the same weight in 38*t.

After this, taking off the pyramid, and fixing on
the parallelogram with its longer side perpendicu-

lar to the arm, and placing its surface in an angle

of 45° with the horizon by a quadrant, the paral-

lelogram with the same weight performed 20 revo-.

lutions in 43"|.

Now here this parallelogram and the surface of
the pyramid are equal to each other, and each of
them met the air in an angle of 45°, and yet one
of them made 20 revolutions in 33", whilst the

other todk up 43%. And at the same time it ap-

pears, that a flat surface (as the base of a pyramid)
which meets the same quantity of air perpendicu-

larly, makes 20 revolutions in 38"t> which is the

medium between the other two ; whence the pro-

position advanced above is evinced.

But to give another proof of this principle,

which is still simpler; there was taken a parallelo-

gram 4 inches broad and 8^ long ; this being fixed

at the end of the arm, with its longer side perpen-

dicular thereto, and being placed in an angle of
4£° with the horizon, there was a weight hung on
at M of 3lb4, with which the parallelogram, made
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20revolutions in 40ff

^. But after this the position

of the parallelogram was shifted, and it was placed

with its shorter side perpendicular to the arm,

though its surface was still inclined to an angle of.

45° with the horizon. And now, instead of going
slower, as might be expected, from the greater ex-

tent of part of its surface from the axis of.the ma-
chine, it went round muth faster. For in this last

situation, it made 20 revolutions in 35"? ; so that

here were 5" difference in the time of 20 revolu-

tions, and this from no other change of circum-
stance, than as the larger or shorter side of the ob-
lique plane was perpendicular to the line of its di-

rection. Astothecauseof thisextraprdinary inequa-
lity ; it is not my business at present to enlarge, nor
have I indeed as yet completed all the experiments,

I have projected on this subject. However, thus
far may be easily concluded, that all the theories of
resistance hitherto established, are extremely de-

fective, arid that it is only by experiments analo-

gous to* those here recited, that this important
subject can ever be completed : I say important
subject ; for surely a matter, on the right know-
ledge of which all true speculations on ship-build-

ing and sailing must necessarily depend, cannot
but be deemed, in this country at least, of the

highest importance, both to the public interest of
the nation, and to the general benefit of mankind,

...

,

No. IV.
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i

'Of the Force of fired Gu'npozcder, together

mth the 'Computatioh of the Velocities

thereby communicated to Military Projec-

tiles, •

ycir.LL, that hath heen hitherto said in the precedr

ing papers, hath principally related td>ith<| resistance

of the air, and its effects upon the motions' ofmi-,

ljtary projectiles. But the theory of gunnery in-

cludes in it the knowledge of anotl^er matter not
jess important; I mean the theory of the action of

i5red powder? and the determination of the veloci-

ties conimuujpatcd to bullets by its explosion.

And this last subject I have formerly treated

ypvy amply ; and as, by all the experiments I have

s;ncc made, I iind no reason to change my opinion

in a,ny essential point, I shali here iusertjthc sub-

stance of this doctrine in as concise a manner as J

can, together with some rules deduced from it foj*

computing the original velocities of bullets. And
this^articlc being dispatched, I shall, in a future

Pflper, proceed tq examine how far the motions of
bullets assigned by the two theories

?
I have deli-

vered, (that of the impulse of the powder, and
that of the action of the air's resistance) are 'con-

formable to the experiments, which have been made
in different places on the flight of shells and can-

non-shot. It is true, very few of these experi-

ments have been conducted with due attention, or

have been instituted with proper views. Howe-
ver, as I have collected every thing of this kind,

that hath at any time fallen in my way, and, as I

conceive, the comparison even of the most irregu-

lar experiments with the theory will be far from
disgracing it ; I flatter myself, that this examina-

, tion
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tion \yill not be totally void either of curiosity or

utility. And, with regard to the present paper, I

shall only mention, ;that all the propositions I am
going to insert, on t^e action of fired powder, I

propose to demonstrate by an Experimental pro-

cess, whenever a convenient season will permit me
to exhibit it before the society.

PROP. L
* *

Gunpowder fired in any space, acts nearly in

the same manner, as a quantity of air would do,

whicl^ was condensed a thousand times mare than

£he common air we breathe ; and which, in that

condensed state, filled the same space, that was
taken up by the unfired powder.

The proof of this proposition depends on various

experiments made on the velocities.of bullets, at

their first issuing from the piece. It is true, that

different kinds of powder act with different degrees

of force f but we suppose the powder here meant to

be made by the government standard. I must ado
1

,

too, that some varieties will take place in this pn>
position, according to the different quantity of
powder made use of, and the manner in which it

is placed. However, none of these things are of
moment enough to be attended to in the forming
a general theory ; though they may hereafter, in a

proper place, merit a more particular discussion.

PROP. II. \

Hence it follows, that the pressure of the pow-
der on the bullet, grows perpetually weaker and
weaker, as the bullet is farther impelled before it.

For as the bullet is impelled forwards, the in-

flamed powder takes up mor£ room ; and conse-

quently its elasticity is diminished So that, for

instance, if the charge of powder in a twenty-rfour

pounder takes up one foot of the cylinder, before

it
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it is fired, and the whole length of the cylinder be
nine feet ; then when the bullet arrives at the

mouth of the piece, the powder
v
extends through

nine times the space, it di$ at first; and conse-

quently exerts but ^ of its original pressure l and
the longer the piece is in proportion to the extent

of the charge, the more is the action of thepowdo'
diminished. •

PROP. III.

Though the velocityof the bullet constantly in-

creases by the pressure of the powder, yet its ac-

celeration, in passing through a given space, <grows«

continually less and less, as it approaches the mouth
of the piece ; and this on a twofold account. For
both the pressure of the powder decreases in the

manner described in the last proposition, ahd the

velocity acquired by the bullet renders the action

of that pressure, in passing through a*given space,

less efficacious; for the faster the bullet moves, the

less it is obviously accelerated, in passinafthrough

a,given space, by the pressure of the pbwcler, which
follows it

PROP. IV.
* . . .* .

If the same piece be fired successively with dif-

ferent charges of po^yder, the pressure of these

different charges upon the bullet, in any given,

part of the barrel, is nearly in proportion to thQ

quantity in each charge.

This follows from the analosrv established in the

first proposition, between the action of powder and

the action of condensed air ; for it is well known,
that the elasticity of air inclosed in a given space

is in proportion to its quantity.
•

. ,

'
< PROP.'V.
j. i .»,.„;.,. /

From the last proposition it follows, that if with

different charges the bullet or .shell be always

placed
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placed in the same part of the barrel (as is the case

in mortarsJ then the collective pressure of various

charges will be as their quantities cf powder $ and
to this collective pressure the square of the velocity

'of the bullet will be proportional* But if the bul-

let be placed home upon the powder, so that with

a svgaller charge it is nearer the breech than with a
larger ; in this case the collective pressure of the

smaller charge will be somewhat more than in pro-

portion to its^quantity ; for it will act through a
longer space than the larger charge; and in this

additional space, as it lies contiguous to the first

inflammation, the action will be most violent But
it must be remembered, that if the disproportion

of the charges is very great, the action of the

smaller quantity, from causes I have formerly

mentioned, may be so far diminished, that the
* last-mentioned advantage may not take place.

SCHOLIUM.
• V

From these principles all the various effects, that

can arise from varying the quantity of the charge,

the length of the piece, or the density of the bullet,

may be geometrically determined ; and hence all

the chimerical notions, which have long obtained,

in relation to. these particulars,, are easily confuted.

Tor instance, it is presumed by the greatest part

of the practitioners in artillery, that there is one
certain charge for every piece, which will commu-
nicate- to the bullet a greater velocity than any
other charge, either exceeding it or falling short of

it; and many trials have been instituted for the

discovery of this important maximum : and some
professors of note have lately pretended to assign

this charge, telling us, that in heavy cannon it is

about f of the bullet in powder, and in smaller

pieces about one half of the weight of the bullet in

tpowder. But geometers well know, that in the

foregoing
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foregoing principles every augmentation of powder
will increase the yelocity of the bullet, unless t£e

charge be so great as to fill up about ^ of the cy-
linder; then indeed an addition to the charge may
diminish the velocity of the bullet. But the quan-
tity of powder thus assigned will in the shortest

cannon amount to more, than is ever allotted for

any operation of gunnery : for in a 24 pounaer%
will be considerably more than 30 pound.

Again, practitioners have generally supposed,

that in each species of cannon there was a certain

length, which communicated to the bullet fired

from it a greater velocity, than could be commu-
nicated by either a shorter or longer , piece : but

from the propositions inserted above it appears,

that this is a most groundless prejudice ; notwith-

standing the numerous trials, which have been in-

stituted for its Confirmation and investigation.

For, by attentively considering the preceding 3d
proposition, it appears, that if two pieces of the

same bore, but of different lengths, are charged
with the same quantity of powder; the longer

piece will, rigidly speaking, communicate the

greater velocity to the bullet. However, unless

their lengths are extremely disproportioned, the

velocities of their respective bullets will differ but
i

little : for instance, if a musket barrel of common
length and bore, be fired with a leaden bullet, and
half its weight in powder, and if the same barrel

be afterwards shortened by one half, and be again

fired with the same charge ; the velocity of the

bullet in this shortened barrel will be about 4- part

less than, what it was, when the barrel was en-

tire ; and if, instead of shortening the barrel, it

be increased to twice its customary length (when
it will be near eight feet long) the velocity of the

bullet will not be hereby augmented by more than

4 part. And the greater the length of the piece is

in proportion to the diameter of the bullet, and the

smallet
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smaller the quantity of powder, the more inconsi-

derable will these alterations of velocity prove. So
that increasing or diminishing a twenty-four poun*

der, for instance, A>y a foot in length, with its

customary charge of powder, occasions no greater

change than that of^ part in its velocity ; which
is a variation much too minute to be ascertained

by any of the trials, which have hitherto been pro-

posed and followed for that purpose.

From the above-mentioned principles too* it

follows, that the actual velocities, with which bul-

lets are impelled from their respective pieces, are

hence easily to be assigned ; whence their potential

randoms, or their ranges at 45° in a vacuum, may
be readily known. The geometrical process for

this purpose hath been explained in another place,

but is rather too complicated for this paper ; and
therefore to enable those, who may desire the ex-

animation of experiments of this kind, to make
the necessary commutations; I shall here lay down
some practical rules for that end, without entering

into tneir demonstrations.
•

RULE I.
- >

If an iron bullet be fired with its weight ofpow-
der from a piece sixty diameters in length, its po-
tential random, or its range in a vacuum, will be
nearly 60000 yards ; and if the length of the piece
and the quantity of powder be both of them in-

creased or diminished, its poteutial random will be
increased or diminished in that proportion. Thus
with half the weight of the bullet in powder, and
piece of thirty diameters long, the potential ran-
dom will be 30000 yards, and with -a -fourth (if the
wfcrght ofpowder, and a piece of 15 diameters long,
its potential random will be 15000 Yards.
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RULE II.

Ifa leaden bullet be fired with its weight ofpow-
der from a piece of 90 diameters long, its potential

random will be 60000 yards ; and if both the pow-
der and the length of the piece are together in-

creased or diminished in any proportion, the po-
tential random will be increased or diminished in

'

the same proportion.

RULE nr.
/

I

And generally, if bullets of any specific gravity

whatever are fired with their weight in powder from
pieces, whose lengths bear the same proportion to

60 diameters, as the gravity ofthese bullets bears to

iron ones of the same bulk, then the potential ran-

dom of these bullets will be likewise 60000 yards

;

and increasing or diminishing the powder and the

length of the pieces together in any ratio, the po-

tential random will be increased or diminished in

the same ratio. But it must be observed, that in

all these instances the bullet is supposed to lie close

to the powder, without any void between, and the

windage to be the least possible.

•

RULE IV.

To find the potential random to any given piece,

bullet, and charge, proceed thus : first find what
length of piece (estimated in diameters of the bul-

let) and what potential random corresponds in the

preceding rules to the given charge of powder, call

this potential random A ; then if the length as-

signed by the rule is the same with the length of

the given piece, this number A is obviously the

potential random sought. But if the length of the

given piece be more than the length deduced from
the

<

Digitized by Google



OF GUNNERY. SS£
#

the rules ? then take the difference of the tabular

logarithms: of these two lengthy and multiplying

this difference into? A (the logarithft of 10 being

supposed unity) and then adding the resulting

product -Co A, die sum will be the potential ran-

dom required. If the given piece fails short 6f
the length deduced from the rule, instead of ex-

ceeding it; then the jiilodufct of the difference of
the logarithms into A must be taken from A,

and the remainder will be the potential random
sought.

Of this process take the following example, ad-

apted to an experiment made by Anderson. Sup-
pose it be required to determine the potential ran-

dom of a piece 17 inches long, carrying a five

pound iron shot, and fired with three ounces of
powder,
The pd\vder here is about 4r the iron bullet,

and the length of the piece about five diameters of
the same; and by the second rule it appear, that

a piece about 2£ diameters long, charged with this

proportion of powder, would have a potential ran-

dom of about 2220 yards : but the piece in ques-

tion being five diameters long, the difference of
the logarithms of 5 and £^ must be multiplied

into 2220, and the product, which is about 780,

must be added to 2220; because the given piece

is longer than die length deduced from the rule

;

and their sum, of 3000, is the potential ran-

dom sought. Where note, that in these compu-
tations a scrupulous nicety is altogether unneces-

sary ; a rigorous and geometrical determination

being scarcely compatible with the nature of this

subject.

RULE V.

The former rules being suited to those cases,

where the bullet is placed home upon the powder,

as in cUnnon ; to adapt them to mortars, when a

P part ^
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parfc of their chamber only is filled, we must pro-

ceed thus. First find, by the preceding rules, what
will be the potential random, if the whole cham-
ber was filled with powder; and then reduce the

random thus found in the proportion of the -whole

chamber, to the part of it occupied by the. given

charge.

. SCHOLIUM.

r. These are all the necessary xules for computing
the potential randoms of shells and bullets; it is

true, that the density of powder, and other casual

circumstances, will occasion considerable varie-

ties ; and will oftentimes render the result different

from these computations ; hut the irregularities of

this kind, are neither so great, nor so. frequent, as

may be imagined. And those, Who consider the.al-

most infinite complication of this subject, and the

ignorance in which the world has long continCufd

of: the force and mode of action of fired gunpow-
der, will doubtless grant, that any pretence of ex-

hibiting the velocities communicated to bullets by
its explosion*, would some time since have been

treated as a chimerical undertaking; and therefore

I cannot but conceive, that.the stiangeand scarcely

credible coincidence of the computations, here

given, with the result, of numerous trials made un-

der diversified circumstances, is a matter well me-
riting attention, and strongly confirming the the-

ory here advanced especially as. the causes, which
otten render these computations less accurate, are

such, as might be reasonably: expected from tlie

nature of the theory to intervene. The circum-
stances, in which the trials and the computations
are frequently found to differ, being those that

follow.

First, If the quantity of powder be extremly
small in proportion to the size of the piece, and to

the weight of the bullet to be impelled ; the velo-

cit>'
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city communicated to; the hiiHet will fall ,short of
the computation. Thus> fori instance, a muskelt-

bullet, fired from a common piece, with ^ part of
its weight in pojvder, has a velocity near a thircl

part less, than it ought to havfc by the: fv,nmefr

rules.
,

*
' .' j '.

f
.

f jjM'

Second, If in mojrtafs chftrg^?.^ :inade' usfc >cff,

filling up but a very small part of the chaipb&f,

in this case the cal velocity, df the sheU williaU
considerably short of its! computed, quantyty;; : > Jig

for instance, if into a chamber; capable of holding
61b. of powder, there is put np more than 4 lb/ the
velocity may not perhaps be more than half, >*r
even a third, of what it ought to be with a com-
parison of the effect of larger charges* \ ,

Third, And in every case a considerable wjndr
age will sensibly diminish the effect of the-pow-
der; and, on the contrary, if the touch-hole, is

small, and the bullet and piece fit very exactly, the

effect of the powder will be thereby augmented^
especially in large charges. So that the potential

randoms computed above may be then found
perhaps defective, and inay possibly require to be

augmented a fifth or sixth part. / • ,
•'.

Fourth, There is besides some difference in the

manner of placing the powder; for thp samequanr

tity of powder acts rather more violently, when it

fills up a long cylinder, than when it fills a shorter

cylinder, with a larger base ; at least there seems
to be some advantage in lengthening the cham-
ber, till its length is near three times its diameter.

In small quantities of powder thi6 difference in the

form of a chamber occasions very considerable var
rieties of the impulse of the

,
bullet, as hath been

formerly shewn to the society by Mr. Hauksbee.
But in large quantities of powder, and such as

bear a great proportion to the weight of the bul-

let, I conceive the effect here mentioned to be of

less moment.
P 2 ; The
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The rules and methods of computation inserted

above, assign only the potential random of the

prdjectile in yards ; but if the velocity, with which -

the projectile moves, be required, this may thence

be easily found from tlie common theory of fall-

ing bodies. However, the shortest practical me-
thod of determining the velocity from the poten-

tial random, is this. From the number express-

ing the yards of the potential random take away

vr of itself; then annexing two cyphers to the
end of the remainder, and extracting the square

toot, the resulting nuifiber will be the feet, which
the projectile will move in a second: not differ*

ing from the truth by much more than t-^o-s- part.

And if the velocity was given, and the potential

random was sought ; this may be determined from
the same principle: for multiplying the feet the
body moves in a second by itself, and adding to

its -^y part, this sum, when the two last figures are

cut ofri will express the corresponding potential

random in yards.

And now having delivered the essential Tules for

computing the potential random, and the original

velocity of shells or bullets fired from given pieces

With "given charges of powder; and hiving in a

former paper given the method of computing the

actual ranges of these bodies; I have hereby com-
pleted all the precepts, which are necessary for

comparing the result of any experiment with the

theory.

And as an example of this comparison, I pro-

pose in the next paper to give a detail of a great

variety of experiments, made in various parts of
Europe, together with computations from the

theory adapted to them ; whence those, who en-

tertain any doubts about the truth and sufficiency

of the doctrine, I have hitherto advanced, may be
furnished with ample materials for the discussion

of their doubts, and may thence, I hope, be fully

convinced,
* •
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convinced, that the coincidence between these di-

versified trials and the preceding rules, can only

arise from the reality and certainty of the princi-

ples, on which these rules are founded.

* m

P 5 No. V.
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• No. y. .

A Comparison 6f the Experimental Ranges of

Cannon and Mortars with the Theory con-

tained in the preceding Papers.
i

TER laying down in the preceding papers,

No. II. and IV. the principles "for calculating

both the velocity a bullet acquires from the ex-

plosion of the powder, and the distance it ranges

to, at a given angle, in consequence of the air s re-

sistance ; I shall now compare the result of these

computations with the actual motions of military

projectiles. And in this comparison, I hope,

there will appear such a coincidence of theory

with experiment, as cannot be supposed to take

place in any false or fallacious hypothesis. Espe-

cially too, as all the experiments, I shall here pro-

duce, are 'such, as have been made by others;

many of them long since printed, and all of them
originally instituted with views very different from

the subject of this essay. So that it cannot be

pretended, I have wrested the result of them to

make them suit the better with a favourite pre-

possession.

As it may perhaps be suspected, that the strange

. coincidence between the trials and our theory,

which on examination frequently takes place in

this subject, is principally owing to the errors in,

the different parts ot the theory balancing each

0 her, so that, for instance, the force of powder
1 s / be assigned too little, and the resistance of

th iir too great, or vice versa : to obviate this

suspicion, I shall first establish the truth of my
determination of the force of fired powder, by ex-

amining the range of shells projected from large

mortars. For in these the resistance of the air

is

-
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• is on" dll accounts of iriuch Ife&s efficacy than in

cannon-shot. So that here a considerable change
in the law or quantity of the resistance would oc-

casion but slight alterations' in the ranges; and
therefore, if the actual experimented ranges of
these bodies correspond to the quantities assigned

by our rules, we may rest satisfied, that the real •

velocity, they acquired from the blast, is not v&fy
different from what we have ascribed to them,
and consequently, our theory of the action and
force of fired gunpowder may be safely applied to

swifter arid minuter projectiles.

Our first example shall be of the 18 inch sea-

mortar, containing in its chamber SOlb. of pow-
der ; these mortars are generally in length about
two diameters of the bore, independent of the ca-

pacity of the chamber, so that the whole must be
esteemed more than 24- diameters. Bv an extract

from the books of practice kept ?XlVoolwich \

learn, that this mortar elevated to 45°, and fired

with a full charge of powder, throws a shell of

12* inches diameter to the distance of 3350 yards,

the shell weighing 23 lib.

This shell is nearly 4 of the weight of a solid

iron bullet of the same diameter, and the powder
is 4tt of the shell; by computing on the princi-

ples laid down in rule the 5th of the preceding

paper, the potential random will come out very

near 5000 yards, and the F will be 3060 yards.

But as this shell in its flight rises to the perpendi-

cular height of about 1000 yards, where the air is

rarer by near 4- part than below. On this account
the medium resistance will he diminished by about

-rV part, and augmenting the F in the same pro-

portion, it becomes 3264, whence, by the coroU
lary of the 2d proposition of our.2d papeiy'the

actual range comes out 3230, 'differing - from the

experiment by no mbf6 than 120 yards;, so that

with this prodigious charge of powder, by far -the

P 4 greatest
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greatest used in any military projectile; the actual

velocity of the shell differs but inconsiderably from
what is ascribed to it by the preceding theory.

The same mortar fired with 261b. of powder,

and elevated to 45°, threw its shell to the distance

of 3100 yards. t

Here the potential random by our rules is about

4390 yards, and, retaining the F of the last exam-
ple, the actual range, by our computation comes
out 8930 yard?, which is short of the experiment

by 170 yards only.

At the same time, that I procured an account

of the experiments from JVooltvich, I learned, that

a ten inch ship-mortar elevated to 45°, and fired

with a full cnarge of powder, which was 12lb»

threw its shell of 961b. weight, to the distance of
3350 yards.

This mortar was above a diameter longer than
the thirteen inch mortar of the last example, so
that it cannot be esteemed shorter than 3,6 dia-

meters; and the shell is about ^ of a solid bul-

let; whence, computing on the foregoing princi-

ples, we shall find, that the potential random as-

signed by our theory, is about 6230 yards, and the

F 2057 yards, which, properly augmented for the
diminished density of the atmosphere in the upper

part of its flight, becomes 2200 yards nearly, and
thence the corresponding actual range should be

3190 yards, which is no more than 160 yards short

of the experiment.

The next example shall be of a thirteen inch

mortar for land service, being two diameters in

length, its chamber capable of containing above
9lb. of powder, and its shell weighing usually

about 2001b- This mortar elevated to 4^°, and
charged with 9lb. 1 oz. of powder, threw its shell

to 12000 yards distance.

Computing upon the former principles, we shall

find the potential random of this shell to be about
2727
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27£7* yards, and the F to be 2672 yards ; whence
the actual range assigned by our rules is 198O
yards, only 20 yards different from the experiment
The s^me mortar elevated still to 45°, arid

charged with 4lb. of powder, threw its shell to

1000 yards distance. In this instance the poten-
tial random is about 1 200 yards, and the actual

range thence comes out somewhat more than 1050
yards. So that here too the experiment and the
computation differ but little from each other.

I have in this manner examined the ranges of
mortars of all diameters, and I find, that unless the
charge bears a very small proportion to the weight
of the shell, ortodie capacity of the chamber, the

computations and the experiments correspond to a
sufficient degree of exactness; and even in small
charges, when proper care is taken to fit the bul-

let or shell to the piece, to prevent the exhalation

of the flame, the actual ranges in most cases differ

but very little from the computation.

From the coincidence of these diversified trials

with our computation, we may safely conclude,

that the force and mode of action of fired powder,
is nearly such as our theory supposes ; and that

therefore this theory may be safely adhered to, in

determining the potential randoms of every kind
of artillery. For, in the examples we have exhi-

bited, the resistance of the air is of much less effi-

cacy than in cannon-shot : so that we cannot err

much in deducing the real motions of these shells

from their experimented ranges. Having thus

therefore, as I presume, established that part of
the theory, which relates to the action of powder;
we will now proceed to the discussion of such ex-
periments, as are best fitted to confirm the other
part relating to the resistance of the air. This
will be best done by the ranges of cannon-shot

;

the examination of which therefore shall be the
business of the remaining part of this essay.

I shall
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I shall begin with those recited by St. Remy, in

his memoirs of artillery, Vol. I. page 69 ; where *

he tells us, that pieces of cannon of the customary
calibres, all of them ten feet in length, pointed at

45° and loaded with two thirds of the weight of
the bullet in powder, ranged thus. 1

lb. toises.

The piece of 24 22.50

of 16 ~ 2020 •

of 12 1870

of 8 — 1660

of 4 1520

according to the given length of these pieces, and
the diameters of the respective bullets mentioned
by St. llemy, the potential random in English -

s

yards, and the F corresponding to each bullet in

French toises, are nearly these.

lb. Potential Random V to each

Pieces of 24 30000 yards 825 toises

16 32400 720
12 34000 650
8 36650 570
4 40000 450

But before we hence compute the actual ranges

from our theory, it is necessary to observe, that

these shot at the highest part of their flight move
in air having little more than £ of the density of
the lower part of the atmosphere ; and therefore

the F above assigned to each of these bullets, ought
to be increased by 4 part. When this is done, and
the potential randoms are reduced on account of
the treble resistance, in the manner, formerly ex-
plained ; we shall find the actual ranges deduced
from our theory, to differ but inconsiderably from
the experimented ranges given us by St. Rcmy,
•This will best appear by the inspection of the sub-
joined table.

Pieces
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Pieces. Experitaented ranges. Actual ranges. Errors ofTheory.
' by our theory.

Pounders. Toises. Toises. Toises.

•24 - 2250 2255 + 5
16 2020 2100 + 80
12 1870 1990 -f 120

8 1660 1804 + 144
4 1520 1558 + 38

St. Remy in the same place tells us, that pieces

of the same bore with those already mentioned,
but somewhat shorter, were tried witn half the for-

mer charge, or only
-J-
of the weight of the bullet

in powder, and that at 45° of elevation they rangr

ed nearly at the same distance as the others. How
well these experiments correspond to our theory,

let the annexed numbers declare.

Short pieces fired

with f of the

powder only.

24

Experimented
ranges.

Toises.

2250

Actual ranges

by our theory.

Toises.

2165

Errors of theory,

Toises.

— 85

1<> 2020 2020 0~

12 1870 • 1920 + 50
• 8 1660 1740 + 80
4 1520 1510 — 10

Our theory is still farther confirmed by the tri-

als made by the French at La Fere in the year

1739, and at Metz in the year 1740. As manus-
cript accounts of both these sets of experiments

have casually fallen into my hands, I shall here re-

late the principal experiments occuring therein.

The trials at La Fere were made with the usual

pieces of all the preceding calibres, charged with

various quantities of powder, arid elevated to 4°, to

15°, and to 45°. The 24 pounder was besides

fired at eight different elevations from 4° to 45°.

At 'Metz no other piece but a 24 pounder was
made use of; this was constantly elevated to 4°,

and was loaded successively with different charges
pf powder from 8lb. to 20lb.

As the trials at La Fere, made at 45° of eleva-

tion,
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tion, do not materially differ from those recited by
St. Remy, they require not a new examination.
We shall therefore proceed to the experiments
with the 34 pounder 'at seven different elevations

shQrt of 45°. In these the charge ^as always
9lb. of powder ; the actual range at each time,

and the corresponding numbers assigned by our
theory, may be seen in the following table,

Angle of Actual range of 24 Ditto by Errors of
elevation. pounder at La Fere. oar. theory. theory.

Toites. Toi<a$, Tpive*.

40* S050 2096 + 40
35 8020 $080 + 6Q
30 1910 3038 + 192
35 1885 . 1930 + 105
20 1740 1880 + 80
15 1675 1620 — 55
4 820 725 — 95

,

Jn these computations I hfrve made no allow*

ance for the ascent of the bullet into a rarer air,

which would still enlarge the computed ranges,

and increase the errors of the theory. And though
even then the agreement Ijetween our numbers
aqd the actual ranges is mueh greater, than might
be expected, considering the variety of these trials,

and the uncertainty and irregularity, which con-
stantly intervene in all experiment^ of this nature;

yet I can venture to predict, that, if these trials

are repeated with due care, and necessary precau-
tions are taken, the difference between their result

and our numbers will be still les$, than what ap-

pears in the foregoing comparison ; there being se-

yeral reasons, not necessary to be here discussed,

which render all, that was done at that place,

less proper for the examination of a theory, than

what was afterwards executed at Metz. put to

proceed.

The next trials in order were those made at Zfl

Fere with other pieces at different angles. AH
these,
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these, ylntti the corresponding numbers deduced
from our theory* I have comprised in the annexed
tiWe : where -I must observe, that the same angle,

which in some places of the manuscript is deno-
minated 4°, in other places is presumed to be 5°.

And if this be allowed, our numbers, which in

these small angles at present are defective, will

then agree to the trials without sensible error.

Pieces. Pounds Angle Actual Actual range Errors of

of elevation. range. by theory. theory.

powder. Toises. Toises. Toises.

16 6 15 1730 1540 240
16 6 -'.4 8^2 «^ 707 118

12 4 - 15 — 1500 1440 60
12 4 4 820 680 140

8 3 15 - 1440 1320 120

S 3 4 770 650 120

4 2 15 1500 1200 300
4 2 "6 - 862 780 82

Having now done with the experiments made at

La Fife in 173ft whew from the nature and in-

tention of the trials, and the exceptionable man-
ner of selecting them, a nearer coincidence with a

true theory-could not be expected: we will next

proceed sto the comparison of those made iX-Mttz
the year following; these were executed- with

much morj»»careand attention, and are related with

more candour and distinctness ; for here the re-

sult of each trial is set down; whereas in the

others the mediums only were given, and these

too curtailed according to the fancy of the rela-

tor. The only piece made use of at Metz was a

24 poaader 10 feet in length, as I have already

observed ; this was loaded with different charges

of powder from 8lb. to 201& It was constantly

elevated to 4° ; but as it was placed 78 feet above
the plain, on which the bullets fell, this amounts at

a medium to another decree of elevation ; esteem-

ing

V
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ing therefore the angle to be 5°, the result of all

these trials (which were continued for three days)
is here represented^ together with the correspond*
ing ranges deduced from our theory.

Pounds Actual Ditto by Error* of
of range. our theory. theory,

lewder. Toises. Toise*.
"

Toises.

8 — 799 — 836 ..— + 37

829 7

9 — 715 — 843 — +

.

— — 812 — — + 31— — 742 — — + 101— — 806 — — + 37

— — 822 — + 21

— — 826 — - — + 17

— — 1010 — — — 167— — 735 — — + 108

— — 783 — — + 60
10 — 834 — 850 — + 16_ _ 872 — — — 22

_ 845 — — + 05

— — 838 — - — + 12

11 — 837 — 857 — + 20
— — 784 — u — + 73_ _ 950 — _ _ — 93

Pounds
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i

[ Pounds - - Actual
of

v

powder.

Ditto by *> ^Errors of
range. . „ our theory. Jtheory.

Toises. Toises. " Toises.— — + 65

12 —

'

> ,

792 —
830 —
812 —
807 —
882 —
m
842 —

864 — +..'27

+
m

+

14 — 840
~ — 848
— — 878

950— — 1060
— — 845
16 — 1000
— — 898— — 970— —- 835
18 — 950_ iooo
20 — 1 100
— — 841

-± 878 — +— +

52
57
18

35
QQ

— 891

— 903 —
— 916 —

38
30

— r- 0
— —

' 72— —
• 182

— + 35
— — 109
— — 07
— '+ 79— + 56
— 47
— 97— 184

+ 75

From the inspection of these numbers we may
collect the strongest proof of what, we have fre-

quently asserted upon other occasions; " That
"our theory differs less from the experiments,
iC than the experiments do from each other."

Since here, in the repeated trials with nine diffe-

rent, charges of powder, the least of 8lb. and the

greatest of 20lb. there is but one charge only, and
that repeated but twice, where the differences from

the theory fall the same way. I therefore cannot
doubt, but if a like series of trials with these were
made at much greater angles, the result would be

altogether as ^consonant to our numbers, though
it is evident enough from the preceding table, that

little regard can be paid to single trials ; since in

the
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the two experiments with 20lb. of powder, the
difference in range is 259 toises, and with Qlb. of
powder the difference of two subsequent ranges is

275 toises ; whereas the theory in no instance dif-

fers from the medium of any of these trials more
than 75 toises. Hence I conclude, that till a num-
ber of trials shall be made at large angles ; it can-
not be determined, whether the great differences,

which odcur in the examination of some of the

ranges at La Fere, are to be imputed to the theory,

or to the uncertainty and insufficiency of the trials

themselves.

The trials hitherto considered might abundant-
ly suffice for the confirmation of out principles;

but before I conclude this subject, I chuse, for

particular reasons, to examine the experiments
made at Woolwich in the,year 1^36 with 24.poun-
ders of different lengths. These experiments were
undertaken on a false presumption, that there was

certain length for cannon, which enabled the
piece to shoot more efficaciously, than it would do,

if it were either longer or shorter; To determine

this proper length, pursuant to this erroneous hy^
pothesis ; six 24 pounders were cast of the same
weight, the shortesteight feet long, and the longiest

ten feet and a half. These were all loaded alike,

and were elevated to 7°t, at which elevation five

shot were made with each, and the mediums
taken; whence an estimate was proposed to be
made of the effects of these different lengths, and
it was from thence decided, that the pieces of 9
and 94- feet long, ranged farthest.

Before we compare the result of these ranges

with our theory ; it will not be impertinent to con-
fute the fallacious determinations, which have been
from thence deduced. By our theory the longer

pieces ought to range farthest ; but the varieties

are too minute to be ascertained by trials of this

k^ntd. Since on our principles the ranges with tta;

1 pieces
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.pieces 9 and 9^ feet long ought not to differ by
more than 35 yards from the ranges of the short-

est and the longest. And yet two subsequent trials

• with the 9 feet piece differ from each other 650
yards; and the medium of the trials with that

piece on different days (for they were repeated

three days successively) differ from each other 300
yards. It appears then from hence, that it will

be a vain attempt to endeavour to ascertain the

effects of cannon of unequal lengths by trials of
tliis nature, which on a repetition vary twenty
times more from each other than the whole differ-

ence by this means proposed to be discovered.

But to proceed.

If in these experiments the powder was half the

weight of the bullet (which, I conceive, was near-

ly the case) the, potential random then to pieces

of 9 and 9t feet tong, which are the mean lengths,

will' be by the theory about 25,000 yards, which
reduced on account of the treble resistance be-

comes about 16,200 yards, and the dimeter of a

24 pound shot being nearly 5 and ^ inches, F is

170Q yards, whence the actual range at 7° i is

about 2400 yards. And as these shot all fell into

the water, if the surface of the water be supposed

10 yards lower than the platform, on which the

pieces were placed, the range will be augmented
at a medium near 60 yards more on that account;

whence the whole becomes 2460 yards, which is

sufficiently consonant to the trials; for I find,

that a medium of all the shot made with the dif-

ferent pieces was on one day 2584, and on ano-

ther day 2524, and on the third day 2470, where
the greatest difference is on the first day, and
amounts to 124 yards; which, after what has

been observed of the irregularity of these trials,

must appear an error too slight to be regarded.

And" here I might safely finish this examina-
tjon; butas J£Wm£ our countryman, who, above

• Q a hun-
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a hundred vears since, was master-gunner of Do-
ver castle, hath delivered in his writings some
trials made in very unusual pieces with uncommon
charges of powder ; I shall conclude with insert- •

ing a few of his experiments, both to shew their

conformity with our theory, and as a matter of
curiosity likewise.

The first experiments, I shall relate from him,

were those made with a demi-culverin 10 feet 8

inches long, carrying a 9 pound ball, and loaded

with 7lb. of powder.
^

*

This piece elevated to 10°, and having 2° more
on account of the advantage from the height of
the clift, upon which it stood, ranged *to the dis-

tance of about 2840 yards.

If the powder used by Eldred was of the same
m

fabric with the present government powder, the

potential random would be about 38400 yards,

. which reduced for the treble resistance becomes
18600. And F being 1200 yards, the actual range
at F2° is by the theory 2820 yards, agreeing with
great nicety to the experiment.

But the most singular trials, related by Eldred,

are those, he made with what, he, styles the basi-

lisk. This is the long piece well known to all,

who have seen Dover castle. Eldred tells us,

that this piece, which carries a 101b. shot, and is

23 feet in length, was tried by him several times

with a load of 18lb. of powder, and that at two
degrees of elevation, it ranged 1200 yards, and at

4° t it ranged little short of 2000.

This piece may be esteemed about 65 diameters

in lengni, and according to our theory the poten-

tial random with 18lb. of powder should be about

84000 yards, which reduced on account of the

treble resistance becomes 24200 yards, and the F
to a 101b. shot being 1240 yards, and the actual

range at 4° £ is by computation 2080 yards, and
the actual range at 2° about 1 1 80 yards, both of

1 them
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them extremely near EldrecTs experiments; only

it must be observed, that in very small angles,

and very large potential randoms, the method of
reduction we here, follow on account of the treble

resistance, will give the actual ranges somewhat
less

(

than their true quantity.

I must observe, that these last experiments,

with the basilisk, furnish an incontestable proof

of the prodigious augmentation of the resistance

in great velocities beyond its customary rate ;

since from other experiments I am satisfied, that

this piece, with 2lb. of powder only, or | of the

change given by Eldred, would have ranged at

4° i to futt 1500 yards, unless its windage is enor-

mous. So that by augmenting the charge ninefold,

the actual range is only increased in the proportion

of 3 to 4. Nor let it be supposed, that in this great

charge the rules for computing the velocity of the
'

bullet, or its potential random, may prove defec-

tive, on account of the immense celerity, with

which the flame of the powder must expand to

continue its impulse all through tjie cylinder ; let

not this, I say, be supposed, since by experi-

ments, whicih I myself have formerly* made, and
which arte recited in another place; it appears,

that in a barrel similar to the basilisk, but of a

small bore, a charge of powder, which filled up
4 of the piece, and therefore in proportion to the

piece was greater than that used by Eldred, was
not found in its effect to be deficient from theory,

but rather exceeded it, as indeed all large charges,

instead of falling short of the force to be expected
from them in proportion to their quantity (which
according to the vulgar prepossessions on this

head ought constantly to happen) do never fail to

receive some additional efficacy from their increased

quantity, beyond what is assigned by theory; so

that I do not conceive, the potential random, as-

signed above to the shot made with the basilisk,

Q 2 was
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was more than it actually received, unless the

powder was inferior to that used at present, which,
1 know not that there are auy reasons to believe.

If then the potential random of these shot made
by Eldred is nearly of the quantity exhibited by
oui* computation, or about 84000 yards or 47
miles ; it follows, that its actual range at 4° |, as

tried by Eldredy
is not the seventh part of the

potential range at the same angle. And its actual

range at 4S°, I affirm, will be little more than the

twentieth part of its potential random, or its range

at the same angle in a vacuum ; so prodigious are

the effects of the air's resistance on these ponde-
rous bodies.

These are all the experiments I have thought
necessary to insert in the present essay ; not that

they are a tenth part of those, I have collected

and computed for my own satisfaction. I have
chosen experiments made by others, rather than

such as have been made by myself, that no suspi-

cion might arise of their being unfairly twisted to

a concurrence with my theory. And I have se-

lected such, as were made with large mortars and
cannon ; because it hath been urged against the

expeximents formerly recited in my new principles

of Gunnery, that as they were made in very small

pieces, their coincidence with the theory was no
proof, that in large quantities of powder the same
would take place.

Thefollowing tracts also have been never

yet published, except the second, which is nozv

reprintedfrom a copy corrected by the author.

Practical
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Tracheal Maxims relating to the Effects and
Management of Artillery, and the Flight

of Shells and Shot.

rp
1 he preceding papers, containing the general

principles of the real motions of projectiles ; it

might perhaps be imagined, that after the many
proofs already giv<;n of the coincidence of these

priciples with the actual motions of shot and shells

of different kinds, nothing more need be added,
in explanation or confirmation of this new theory.

But as it frequently happens, that the clearest de-

ductions are of little efficacy against the influence

of long established prejudices; I therefore thought
it might not be altogether useless to trace some of
the articles relating to this subject in a more po-

pular manner ; as I conceived, they would be more
readily considered in that form, by those, whose
prepossessions would prevent them from a too la-

borious attention. And, as this essay is principally

intended to rectify the erroneous opinions, which
at present prevail hi relation to the nature and ef-

fects of artillery ; I thought that purpose would
be most effectually answered by distinctly discuss-

ing those opinions and evincing their falsehood,

and the fallacy of the experiments on which some
of them are pretended to be founded. For though
the establishing the true principles of any art by
incontestable .proofs may be thought a sufficient

confutation of all such suppositions, as are con-
trary thereto

;
yet with such, as are biassed by au-

thority, prescription, and habit, this general argu-

ment is of little moment ; it being necessary for

their conviction (if that be at any time possible)

to enter into a formal examination of their fa-

vourite hypothesis, whatever it be, and to shew
Q 3 where
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where and in what manner their conclusions are

defective. This being premised, we now proceed

to our maxims.

MAXIM I.

In any piece of artillery whatever, the greater

quantity of powder it is charged with, the

greater will be the velocity of the bullet.

It is vulgarly supposed, that the powder, with
which any piece is loaded, fires gradually all the

time, the bullet is passing through the barrel ; and
thence it has been concluded/ that there was a cer-

tain charge, which would be just consumed at the

parting of the bullet from the mouth of the piece.

This, it was determined, was the proper charge for

the piece in question; and ifmore powder than this

was made use of; it was presuined, that the added
part would not take fire, and therefore would by
its weight diminish the action of the rest ; so that

from this reasoning it followed, that by augment-
ing the powder beyond the supposed proper charge,

the velocity of the bullet would be diminished.

And it is usually imagined by the modern artille-

rists, that this proper charge knot more than one
half, nor less than one third, of the weight of the

bullet in powder.

This is the substance of the usual speculations

on the present subject
;
every part of which is alto-

gether erroneous. For neither does powder fire

in - the gradual -manner here supposed (as we have

amply demonstrated in another place) nor is there

any practical charge so great, but that, if it be
augmented, the bullet will be thereby more vehe^

mently impelled For, examining a piece of the

smallest bore in general use, and which was about
30 diameters in length, I found, that when with an
iron ball and one half of its weight in. powder it

was
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was fired against a beam of oak placed ten yards
from the muzzle, the bullet penetrated at a me-
dium to the depth of about five inches \ but when
fired with three times that charge, or once and a

half the weight of the bullet in powder, the penetra-

. *tion into the same beam was not less than 10 inches.

I have made many trials of this kind (for in small

pieces there is little difficulty in repeating them)
and I have, never failed to observe, that increasing

tfie charge, at least as far as to twice the weight of
the bullet, always augmented the penetration of
the ball into a solid body ; whence its augmented
velocity is easily evinced. And if it is asserted,

that in larger pieces, whose lengths are less in pro-

portion to their bores, the same effects would not
take place : 1 should answer, that if the method
of proving a 24 pounder (the largest piece in com*
mon use) be attended to ; the circumstances oc-
curring therein will be a sufficient confutation of
this assertion. For if the heat of the piece, the

violence of the explosion, and the penetration of
the bullet into the butt of earth be examined ; it

will presently appear, that with the whole weight

of the bullet in powder, or even two thirds of that

weight (the usual quantities for proof) the velocity

of the shot is much greater than with the custom-
ary charges, which are about half these quantities.

Since if (as is usual) the butt of earth for receiv-

ing the balls be but little removed from the mouth
of the piece ; it will be found, that the depth, to

which the bullet pierces, with the proving charger

- will be more than a third part greater than with the

changes commonly allotted tor service. Hence
then we may conclude, that the supposition, that

an augmentation of powder beyond the usual quan-
tity diminishes the effort of the bullet, is in every

instance erroneous.

If it be demanded,, how an opinion, which is to

be thus easily confuted by facts, which occur in

Q 4 almost
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almost every day's practice, could be so long and
so eagerly supported; I answer, that the plausible

hypothesis of the gradual firing of the powder did

doubtless first give rise to it And when it was
once advanced as a matter of speculation, there

were not wanting those, who pretended to confirm
'

it by experiments on the ranges of pieces different-

ly charged. What these experiments were, and
wherein their fallacy consisted, we shall explain *

more at large hereafter.

I have, in the establishing this maxim, confined

myself to the consideration of the charges and .

pieces in general use. For if a piece be so short,

or the charge be so great, that the powder takes

up about 4- of the whole cavity of the cylinder;

then indeed an augmentation of powder will not
increase the celerity of the bullet, as I have deter-

mined slsewhere upon principles too complicated
to be here explained. But this is a case, which
can never occur in practice ; and therefore the

consideration of it may be safely neglected in dis-

cussing the mistaken opinions of practitioners.

MAXIM II.

If two pieces of the small bore, but of dif-

ferent lengths, are fired with the same
charge of powder, the longer will impel
the bullet with a greater celerity than the

shorter.

The supposed gradual firing of the charge, dis-

cussed above, hath been also applied to the conside- •

ration of the length of pieces ; whence it hath l>een

usually concluded, that there is a certain length,

which, if a piece exceeds, the velocity of the shot

will be thence diminished. And some practition-

ers have determined this length for a 24 pounder,

when fired with half the weight of the bullet in

powder,
*

!

1
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powder, to be about twenty times the diameter of
its bore.

As some of the
,

extraordinary culverins, cast

many years since, and about 60 diameters in length,

and the shortest cannon in general use contain no
more than 20 diameters ; I have therefore examin-
ed the penetration of an Iron ball into a block of
wood, when fired from a small piece, which was
first 60 diameters long, and was afterwards re-

duced to 20 by cutting. The charge was each
time half the weight of the bullet in powder, and
1 found, that with 60 diameters the penetration

at a medium was above half as much again as with
20 diameters. And I dare affirm, that whoever
shall make these experiments with pieces of any
bore whatever, will find the result not much dif-

ferent; provided due care be taken, that the pow-
der be in good condition, that the substance into

which the ball penetrates be placed so near the

piece, that the resistance of the air may occasion

but little alteration, and that the substance itself

be of a uniform texture.

Since then the old culverins, which are more
than 20 feet long, and which from their unsizeable

and unmanageable length have been long since laid

aside, do yet impel their bullet with more vio-

lence than any piece of a shorter fabric ; it may
be safely concluded, that within the limits of prac-

tice there is no piece so long, but if its length be

augmented, an addition will thereby be made to

the impetuosity of its shot ^ and consequently our
maxim maybe safely adhered to in all practical

discussions on this subject. Indeed, if the force

of the powder, either by exhaling or expanding,
be so far diminished, that it becomes less than the

resistance and friction of the bullet in the piece

;

then the piece by being shortened will shoot with
more efficacy ; but this is a case, that with the

customary charges cannot happen, except the

lengths
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lengths greatly exceed any ever yet tried. And
therefore the consideration of this case would be
altogether superfluous in settling the maxirhs, by
which the practice of artillery ought to be regu-
lated.

MAXIM 111.
v.

t

If two pieces of artillery different in
.
weight,

and formed of different metals, have yet
their cylinders of equal bores and equal
lengths ; then with like charges of powder
and like bullets they will each of them dis-

charge their shot with nearly the same de-
gree of celerity.

For as these pieces must be supposed of sufficient

substance to resist the effort of the customary
charges of powder without sensibly changing their

figure; no good reason can be given, why they
should differ materially in their effects. Since as

to their momentary extension during the explo-
• Ijl 1 • • - • 1 1 1 1 •

restore themselves, though these may be different

in different metals
;
yet the whole of this inequa-

lity is so small, that the variety arising rronitbence

must be altogether insensible. And though the

different weights of the pieces is a circumstance,

which in rigour will occasion an assignable ine-

quality in the motion of the shot; yet, as the ce-

lerity of the bullet, from the lightest cannon ever

made use of, is not in similar trials defective by a
hundredth part, from what it would be in the hea-

viest; the consideration of these niceties may be
safely neglected in our present disquisition. In-
deed, in the establishing of this maxim, I have not
relied merely on speculation ; for I have caused se-

veral pieces to be made of the same bore ami
length, but of different metals, and very different

•

ui

i
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in their weight and substance; and after a number
of trials with each, I have never been able to dis-

cern, that in like circumstances there was any con-

stant difference in the force, with which they dis-

charged their shot ; so that we cannot Jbut insist

on the truth of the present maxim (at least in all

practical views) how opposite soever it may appear

to many long established prepossessions.

MAXIM IV.

The ranges of pieces at a given elevation are

no just measures of the velocity of the

sliot ; for the same piece fired successively

at an invariable elevation, with the powder,
- bullet, and every other circumstance as

nearly the same as possible, will yet ranee

to very different distances.
3

'

The varieties in the ranges of the same piece,

with the same charge and elevation, are scarcely

credible to those, who have not been conversant in

trials of thi% kind. These irregularities are vulgarly

ascribed to the powder ; but were that the true

cause, it could only produce an inequality in the

extent of the range ; whereas we frequently find,

that, besides a different length of range, the bul-

let deviates greatly to the right and left of the

line, in which it was discharged. I myself have
seen a piece fired with great care in an invariable

Sosition ; and yet two successive shot of it have
own in directions, which on the horizontal plain

made an angle witlveach other ofabove fifteen de-

grees.

MAXIM

» <
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MAXIM V.

The greatest part of that uncertainty in the

ranges of pieces, which is described in the

preceding maxim, can only arise from the

resistance of the air.

For as it appears, from what hath been already

observed, that the bullet, after it is separated from
the piece, is frequently deflected to the right and
left of its original direction ; there is no other

power known but the resistance of the air, ta
which this effect can be imputed.

MAXIM VI.

The resistance of the air acts upon projectiles

in a twofold manner; for it opposes their

motion, and by that means continually di-

minishes their celerity ; and it besides per-

petually diverts them from the regular

course, they would otherwise follow ;

whence arise those deviations and inflec-

tions, of which we have been just now
treating.

The reality of these assertions will be evinced in

the discussion of the following maxims.

MAXIM VII.
4 m

That action of the air, by which it retards the
motion of projectiles, though it has been
hitherto neglected by the writers on artil-

lery, is yet in many instances an immense
force: and hence the motion of these re-

sisted bodies is totally different, from what
hath been generally supposed.

•

* The
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The theorists, who have endeavoured to apply the

science of motion to the subject of artillery, have
usually premised, that the resistance of the air to

shells and cannon-bullets was so small in propor-

tion to the weight of those bodies, that their mo-
tions were not sensibly affected by it. Hence it

was concluded, that the track described by mili-

tary projectiles was the curve of a parabola. And
hence two rules were given for assigning their

ranges at any angle of elevation
; provided the ve-

locity, they were discharged with, was known. As
these rules are undoubtedly true, supposing the re-

sistance of the air to be insensible : I conceived

the best method of examining,- how far this suppo-

sition might be relied on, was to compare those

rules with the actual ranges of cannon and mor-
tars. And in making experiments with this view
I found, that though in the ranges of shot dis-

charged with small charges, and consequently with
minute degrees of celerity, the effects of the airs

resistance were not considerable ; yet by augment-
ing the charge, and thereby increasing the vclo- .

city of the projectile, the action of the air thereon

became more and more vigorous. And to cannon-
shot discharged with their customary allotment of
powder, it amounted to an almost incredible force.

I find, for instance, that, when a 24 pound shot is

impelled by its usual charge of powder, the oppo-
sition of the air is equivalent to at least 400lb. wt.

which retards the motion of the bullet so power-
fully, that, if it is fired at 45° elevation, its range
is not a fifth part of what it would be, were the

resistance of the air prevented. In lighter and
smaller shot this is still more observable; for I

have made many experiments with a wooden bullet

fired at 45°, where, instead of 15000 yards, which
it would have flown in a vacuum, it has not actually

ranged to 200 yards; so that the resistance has

taken away 74 parts in 75 of the whole range.

It s
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It is sufficiently evident, that the swifter the

projectile moves, the stronger the resistance acts

against it ; and on a nicer examination it will be
found, that to a double velocity there wil lbe nearly

four times the resistance, ana to three times the

velocity, nine times the resistance, and so on. But
then this rule must not be extended to the compa-
rison ofthe resistances oftwo velocities, one ofwhich
is less, and the other greater than that of 1 200 feet

in a second ; for I find, that to velocities exceed-

ing this last-mentioned, the resistance is three

times as great, as would come out by a deduction

from what takes place in slower motions. And as

we shall hereafter find, that many of the extraor-

dinary effects of artillery, which have given rise to

much contestation, are the natural consequences

of this sudden trebling of the resistance, we there-

fore think it expedient to insert the substance of
what we have here observed, amongst our max-
ims, and have framed the two following ones for

that purpose.

MAXIM VIII.

This retarding force of the air acts with dif-

ferent degrees of violence, according as

the projectile moves with a greater or lesser

velocity ; and the resistances observe this

law: that to a velocity, which* is double
another, the resistance (within certain li-

mits) is fourfold, and to a treble velocity,

ninefold, and so on.

MAXIM IX.

But this proportion between the resistances

. to two different velocities does not hold,

if one of the velocities be less than that of
1200 in a second, and the other greater.

1200
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For in that the resistance to the great-

er velocity is near three times as much, as

it would come out by a comparison with
the smaller, according to the law explain-

ed in the last maxim.*

The proof of the two last maxims depends upon
experiments, which I have described in another

place ; but which require an ampler discussion than
» *iuits with the nature of this essay.

In the same dissertation, where those experi-

ments are considered, I have also shewn, that the

resistance on a 12 pound iron shot, moving with
a velocity of 25 feet in a second, is equivalent to

about -i an ounce avoirdupois ; from whence by
the help of the two preceding maxims, the quantity

of resistance on any shot or shell, moving with a
Icnown velocity, is easily assigned. For instance,

' if the 12 pound bullet moves at the rate of 100
feet in a second (that is four times 25) its resis-

tance will be 16 times half an ounce, or half a
pound. And if it moves at the rate of 1000 feet

ina second, which is 10 times the last velocity,

its resistance is 100 times as much, or 50 pounds.

But if the velocity be that of2000 feet in a second,

or twice the last; then its resistance, instead of
being only four times as much, or 200 pounds, is

treble thai quantity, or equivalent to 600 pounds.

If the bullet or shell be of any size whatever,

the resistance thereon is easily deduced from the

proportion of its surface to that of a 12lb. shot.

For two shells or bullets, moving with equal velo-

cities, are always resisted in the proportion of their

surfaces.

MAXIM X.
To the extraordinary power exerted by the

resistance of the air it is owing, that, when
two j

* These last two maxims require some considerable raodifica-

cation. See the note at p. 181. H,

Digitized by Google



256 TRACTS.

two piefces, of different bores are dis-

charged at the same elevation, the piece of
the larger bore usually ranges farthest,pro-

vided they are both firqd with fit bullets,

and the customary allotment of powder.

The matter of fact contained in this maxim
cannot have escaped the notice of any one the least

conversant in the practice of artillery ; it being-

Obvious even to the most incurious observer. Thus
a 24 pounder loaded in the customary man-
ner, and elevated to 8°, ranges its bullet, at a

medium, to about a mile and a half ; whereas a

three-pounder, which is of half the diameter, will

in the same circumstances range but little more
than a mile. And the same holds true in other

angles of elevation
;
though indeed the more jcon-

siderable the angle of elevation, the greater is the

inequality of the ranges. Now this diversity in

the ranges of unequal bullets cannot be imputed
to any difference in their velocities : since when
loaded alike they are all of them discharged with

nearly the same celerity : but it is to be altogether

ascribed to the different resistances, they undergo
during their flight through tile air. For though
the 24 pound shot, for instance, has four times

the surface, and consequently four times the re-

sistance of the 3 pound shot
; yet as it has 8 times

the solidity, the whole retarding force, which
arises from the comparison of the resistance with
the matter to be moved, will be but half as much
in the 24 pounder as in the 3 pounder. And thus

it will always happen (whatever be the size of the

bullet) that the retarding force of the air on the
lesser bullet will be greater than the retarding force

on the larger in the same proportion, as the di-

ameter of the larger bullet is greater than the di-

meter of the lesser. Now since, from what we have
already
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already shewn, it may Appear that the range of
,

shot at an elevation is much more influenced by the

quantity of ijts resistance, than by the velocity it

is discharged^with it is not to bewondered at,

, that a 34 pound $h*t, being but half as much re-

tarded as a 3 pounder, * should range considerably

farther. »
-. > • »,-». v *vi

MAXIM XI. ...

p tJThe greatest part of military prbjectiles will

ait the time of their discharge acquire ^
whirling motion round their axis by rub-
bing against the inside of their respective

pieces; and this whirling mOtioo>will cause
them > to strike the , air very, differently,

fromVhat they would do, had they 110

dther but a progressive mfotion. By this

means it will'
1 h*appen% that the resistance

bi the air will'to'ot always be airectly op-
posed to their flight ; but will frequently

act in a line oblique to their Course^ a;id

will thereby force them to deviate from
the regular track,, they would otherwise

describe. And- this is the true cause
of the irregularities described, above in

maxim IV.
'

That bullets must in general Acquire a whirling
motion on their discharge, will not, I presume^
be disputed. And, that this whirl, by combin-
ing with their progressive motion will occasion
the action of the resistance to 'be olique to their

direction, is evinced' by experirnetit. For rf any
pendulous body be made to revdlveabaut the line,

to which it is suspended, {which may be effected

by various methods), such a (pendulum will in its

vibration always deviate fronx the direction origi-

nally given to it. And the deviation will con-

R stantly
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stantly incline to that hand, towards which the

revolving motion tends. The §ame is visible in

tennis-balls, where they are made to revolve round
their ^xis by an oblique stroke of the racket ; and
in musket-shot the deflection arising from this

cause is frequently sensible even in the distance of

100 vards, as I have sufficiently evinced in one of

the preceding papers. Indeed in both musket and
cannon-shot il is impossible to foresee to what,

quarter the deflection will tend ; since it is impos-
sible to predict, what will be the position of the

axis, round which the bullet will turn. For from
the irregularity in its friction, before it gets clear

of the piece, it is not reasonable to expect, that

any two shot, though discharged from the same
piece, should revolve in the same manner. Not
to mention that probably the axis of revolution

frequently shifts its position during the flight of
the shot. Hence we may upon the whole con-
clude, that the greatest part of shells and bullets

are perpetually deviating from their regular track

in consequence of their whirling motion
;
yet nei-

ther the tendency nor quantity of this deviation

can in general be determined beforehand ; nor

will the nicest repetition of similar experiments

produce any resemblance in the circumstances of

these irregularities.

MAXIM XII.

From the sudden trebling the quantity of
the air's resistance, when the projectile

moves swifter than at the rate of 1200 feet

in m second, (as hath been explained in

maxim IX.) it follows, that whatever be
the regular range of a bullet discharged
with this last-mentioned velocity, that

range will be but little increased, how
much

-

>
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much soever the velocity of the bullet

may be still farther augmented by greater

charges of powder.

For by the extraordinary reinforcement of the

resistance in all velocities surpassing that of 1200
'

feet in a second, the motion of the bullet, how
swift soever it be, is soon reduced to this last-men-

tioned rate. I find, for instance, that a 24 pound
shot, when discharged with a velocity of 2000
feet in a second, will be reduced to that of 1200
feet in a second in a flight of little more than 500
yards. And yet with the greatest of these veloci-

ties, the bullet will range farther than with the
least by above fifteen miles, supposing both shot
to be fired at 45°, and neither of them to be- im-
peded by the resistance of the air. Now as the

velocity of 2000 feet in a second is much greater,

than what a 24lb. shot receives even from two
thirds of the weight of the bullet in powder; and
the velocity of - 1200 feet in a second may be pro-
duced by little more than a fourth part of the

charge; it appears from hence how speedily all the

additional celerity is taken away, which arises from
the utmost reinforcement of the charge beyond
that of a fifth or a sixth of the weight of the bul-

let in powder. Whence as any excess in the velo-

city.of the projectile above that of 1200 feet in a
second is thus precipitately destroyed by the resis-

tance ; it is easy to conceive, that the regular

range of a bullet, fired at any considerable angle

with the greatest charge possible, Will but little

exceed the range of the same bullet, when fired *
with a fifth or sixth of its weight in good powder.
I find, for instance, that the regular range at 10°

of a 24 pounder, fired with 24lb. of powder, will

npt exceed the range of the same piece at the same
angle, when fired with only 5lb. of powder, by
more than 5 00 yards ; the wtiole range being above

R 2 3000;
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3000; so that with charges in the proportion of 5
to 24 the ranges are only as 5 to 6. And this not

. from any defect of the action of the powder in the

larger charge, but solely from the extraordinary

action of the air's resistance. In smaller pieces,

fired with charges in these proportions, the ranges

approach yet nearer to an equality, still provided

that the ranges here understood, are those which
I denominate regular, or such as would be de-

scribed by the bullet, supposing it uninfluenced

by the action of that deflecting force, which is

the subject of the eleventh maxim. What varie-

ties this force will give rise to, we shall now pro-

ceed to consider.

MAXIM XIII.

If the same piece of cannon be successively

fired at an unvariable elevation, but with

various charges of powder, the greatest

charge being the whole weight of the bul-

let in powder, and the least not less than

the fifth of that weight; then if the eleva-

tion be not less than 8° or 10°, it will be
found, that some of the ranges with the

least charge will exceed some of those with

the greatest.

r

, For we have seen in the last maxim, that at 10*

of elevation the difference between the regular

ranges of a 24 pounder, with these very unequal

charges, amounts to but about 500 yards. Now the

ranges with the same charge, and every circum-
stance as near as possible the same, will at an ele-

vation of 10°, vary sometimes 6 or 700 yards from
each other,' in consequence of the deflective force

discussed in the eleventh maxim. And as the de-
flective force may casually augment the range with

the
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the smallest charge, and diminish the range with
the greatest charge; it is evident, that the smaller

charge may in these circumstances considerably

outrange the larger, notwithstanding the much
greater force, with which the larger charge impel*
the bullet in the explosion.

MAXIM XIV.
If two pieces of cannon of the same bore*

but of different lengths, are successively

iired at the same elevation with the same
charge of powder ; then it will frequently

happen, that some of the ranges with the
shorter piece will exceed some of thos$
with the longer.

For the shortest piece of cannon I have yet seen
being not less than 15 diameters, and the longest
scarcely exceeding 60 diameters ; the difference of
the velocities of two shot discharged from these

pieces, with any of the customary charges ofpow-
der, will amount to but little more than a fourth of
the greater velocity. And we have seen in the last

maxim, that when the difference of velocity was
much greater than this; yet the action of the

whirling force, by prolonging one range, and con-
tracting the other, has occasioned the slower bul-

let to be projected to the greater distance.

And hence it may be concluded too, that if

the longer piece be allowed a greater charge of
powder than the shorter ;

yet the same effect will

follow, provided the velocities produced by those

charges are within the limits described in the pre-

ceding maxims; that is, provided the charge of the

shorter be not less than one fourth of the weight
of the bullet, nor tjie charge of the longer more
^than the whole weight of the bullet. The- truth of
this principle I have frequently experienced, par-

R 3 ticularly
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ticularly in a comparison of one of the short six

pounders lately cast at IVoolwich, with a sixpoun^

der of the old fabrick, of four times the weight and
near twice the. length. For these being both ele-

vated to 1 1°, and the short piece loaded with llb.4-

of powder, and the long piece with 3lb. it was
found, that the fourth shot of the short piece

ranged 2432 yards, whilst the first shot of the"long

piece ranged only 2422 yards, and the third shot

irom the same piece no more than 2070 yards.

MAXIM XV
In distant cannonadings the advantages aris-

ing from long pieces, and large charges of

powder, are but of little moment.

The truth of this maxim may be easily deduced
from the preceding observations ; as it thence ap-

pears, that neither the distance to which a bullet

flies, nor its force at the end of its flight, are con-
siderably increased by very great augmentations of
the velocity, .with which it is impelled from the

piece.

MAXIM XVI.
In firing against troops with grape shot, it

will be found, that charges of powder
much less than those generally used, are*

the most advantageous.

For grape shot fired with large charges are dis-

persed from their intended direction,, and the great-

est part of them lost ; whereas with small charges

they fly steadily and closely, and by that means
make much greater ravage amongst the troops they

are fired against. For it must be remembered with

r regard to the force of the bullets : that charges of
powder, extremely minute, are yet sufficient to im-
pel either round or grape shot with more violence,

than is necessary for giving a mortal wound.
MAXIM
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MAXIM XVII.
«

The principal operations, in which large

charges of powder appear to be more effi-

cacious than small ones, are the ruining of
parapets, the dismounting of batteries

covered by stout merlons, or battering in

breach. For in all these cases, if the ob-
ject be but little removed from the piece,

every increase of velocity will increase the

penetration of the bullet.

This (after what has been said above) needs but
little explanation. I shall only observe, that if

the piece in question be 4 or 500 yards distant from
the object, then a reinforced velocity will scarcely

produce any sensible augmentation in the depth, to

which the bullet penetrates. X)r if the object be

. near the piece, but the parapet is so thin, as to be
pierced through its substance by a bullet fired

with a small charge, in th^t case a larger charge or

a greater velocity, instead of increasing the effect,

will diminish it. For the ravage occasioned in a
solid body by a bullet, that passes through it, is

always greatest, when the bullet just loses its mo-
tion at the last surface of the body. This is most
evident in firing against butts of wood or the sides

of ships ; for tnere the bullet, which has but just

force to get through, generally breaks and splin-

ters the last surface, and drives great shivers be-

fore it; whereas if it moves with much more force,

and has thereby a considerable velocity left, after

it has passed through ; the penetration will be ge-

nerally no more than a hole, which is in great mea-
sure closed up too by the springiness of the wood.

R4 MAXIM
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MAXIM XVIII.
Whatever operations are to be performed by

artillery, the least charges of powder, with
which they ca,n be effected, are always to

, be preferred.

For all addition to the charge, beyond what is

sufficient for executing the purpose in hand, is not
only an unnecessary waste of powder, but is at-

tended besides, with much more important disad-

vantages ; since hereby the piece is heated, and
strained, its recoil becomes more violent, its carri-

age labours more, and is more liable to be disorder-

ed ; whence the piece is frequently silenced. And
at best its service is much slower, than it would be

with a smaller charge. If, besides these inconve-

niences, it be farther considered, . that the effect

of the bullet is frequently diminished by augment-
ing its velocity ; it should seem, that the justness

of our maxim was liable but to little contestation.
4

But to leave no room for doubt, in a precept so

much opposed to the modern practice, we will

discuss it still more circumstantially.

The principal employments of artillery, are the

cannonading of troops either at a distance or near

at hand ; the firing against ships ; the mining of
defences* or the battering in breach. Now we
have already shewn, that in distant cannonadings
large charges scarcely range farther than smaller.

We have also seen, that in firing against troops

within the reach of grape-shot, small charges are

the most efficacious. And in firing against ships,

we have observed above, that the charge, which
is just sufficient to impel the bullet througli one
side only, is more mischievous to the vessel and
destructive to the crew than a larger charge, which
should drive the shot through both. Hence then

the ruining of defences, and the battering in breach
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arc the two only operations, where it can be pre-

tended, that large charges are of use ; but even
these operations, when executed, as they frequent-

ly are, at 4 or 500 yards distance, receive but
little advantages from very great augmentations
of powder. And since both the parapets t>f all for-

tified places, and the masonry, which face their

ramparts, are often ruined at these great dis-

tances, where the influence of the largest charges

is considerably abated ; it appears most adviseable

to avoid the inevitable inconveniences of large

charges, how near soever the battery may be to

the place. For though with less powder the pene-

tration may be somewhat diminished
;
yet the se-

curity and dispatch in the service of the pieces will

more than compensate for that deficiency, and will

be found, upon the whple, the most speedy and
effectual practice,

MAXIM XIX
Hence then the proper charge of any piece of

artillery, is not that allotment of powder
which will communicate the greatest velo-

city to the bullet (as most practitioners have
hitherto maintained) nor is it to be deter-

mined by an invariable proportion of it*

' weight to the weightof the ball ; but, on the

contrary, it is such a quantity ofpowder, as

will produce the least velocity necessary for

the purpose in hand; and, instead of bear*,

ing always a fixed ratio to the weight of
the bullet, it must be different according

to the different business, which is to be
performed.

This maxim, I presume, will not be controvert-

ed by those, who have attentively considered, what
hath
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hath been already advanced. But as it may be
expected, I should give a more explicit determi-

nation of what I deem the proper charges of
pieces, in different circumstances ; I shall here dis-

patch that matter with as much distinctness, as I

can. Observing first that the powder, of which
f at any time speak, is supposed to be made by
the government's standard, of good materials,

and to be in good condition at the time of using.

And next that the windage be moderate : other-

wise some addition must be made to the charges
assigned in the following maxim.

.
•

MAXIM XX.
No field-piece ought at any time to be load-

ed with more than or at the utmost t
of the weight of its bullet in powder ; nor
should the charge of any battering piece

exceed 4- of the weight of its bullet.

For if field-pieces of the customary length are

loaded with of the weight of the ball in powder,

I find this charge will commuuicate to the shot a

velocity nearly approaching to that of 1 1200 feet

in a second
;
provided the windage be moderate

;

yhich indeed in the greatest part of the modem
pieces is exorbitant. Hence then, on our former
principles, no greater charge should be allotted to

any field-piece. And indeed when small grape arc

made use of, this is too much ; for then even the

half of It is sufficient ; in firing against ships the

powder ought never to exceed £ of the weight of
the ball. For I have experienced, that an 18
pounder, with only 3lb.i of powder, will traverse

a butt of the stoutest soundest oak, whose thick-

ness does not exceed 36 inches. It remains then
only to consider, M'hat is a proper chafge for ruin-

ing defences and battering in breach.
" And here

I air
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I am confident, both from trials of my own, and
from the experience of others, that 61 the weight
of the bullet in powder is sufficient for piercing the

stoutest masonry, with which any ramparts are

faced, and though each shot separately examined
will be less forcible with this proportion of powder,
than with double the quantity (which is the charge
recpmmended by many artillerists) yet the promp-
titude and facility of the service will be so much
greater, that the effect of a day's battering will be
more considerable with this charge than with any
larger quantity of powder. Having thus dispatch-

ed the investigation of a proper charge, let us now
examine the grounds, 'upon which some late artil-

lerists have pretended to establish principles di-

rectly contrary to those, we have here advanced.

MAXIM XXL
Although precepts very different from those
we have here given, are usually advanced
by artillerists, and are often said to be de-
duced from experience ; yet is that pre*

tended experience altogether fallacious;

since from our doctrine of resistance estab-

lished above, it follows, that every specu-
lation on the subject of artillery, which
is only founded on the experimented
ranges of bullets discharged . with con-
siderable velocities, is liable to great un-
certainty.

For we have seen, that, when the velocity of
the bullet exceeds that of 1200 feet in a second

;

there will then correspond hut very small differ-

ences in the regular ranges to very great differences

in velocity. And even these small differences can-
pot be collected with any kind of accuracy ; since

thQ
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the regular ranges will frequently undergo much
greater changes .from the action of the deflective

force, than the whole of those differences amounts
to. And let it not he supposed, that this incon-
xenience can be prevented by making a number of
trials, and taking the medium of them ; for the ir-

regularities in the repetition, of similar trials are so
very great, that the medium itself will vary con-
sideFably each time, that a new set of the same
experiments are examined; and the inequali yhence
arising will often greatly exceed those differences,

which these mediums are intended to investigate.

As an instance of what we have advanced, we will

here insert a set of trials made at IVovlwich in the

year 1736$ when six 24 pounders were cast of near-

ly the same weight, but of different lengths. These
were all loaded with the same charge, and were all

elevated to 7°^; the length of each piece, and the

medium of the ranges made with them on three

different days, may be seen in the follow ing table :

Judc 1st; June 18th. Juty 2d.

Medium of Medium of Medium of
piecfes. five raises. three ranges. three ranges.

F«t. Yar.i,. Yards. Yards.

104- 2486 2614 2406
10 2570 2532 2436

2633 2560 2500

i) 2790 2494 2563
84- 2586 2490 2466
8 2438 2473 2452

Here it appears, that the medium of the ranges

with the same piece is different on different days

;

and this not the same way in all ; but some ofthem
are larger, when others are less. And this differ-

ence in the piece of 9 feet amounts to 296 yards,

and in none of them, except the last, falls short

of 120 yards. Now from principles, we have ex-
plained more at large ia another placer it follows,
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that the greatest inequality between the ranges of
the longest and shortest of these pieces, supposing
the shot to follow its regular track uninfluenced

by the deflecting force, will be scarcely 70 yards

:

hence then it is evident, that these trials are alto-

gether insufficient for investigating that inequality

;

since even the mediums themselves vary by above
four times as much, as the whole of it amounts to.

It might have been expected, that a bare view
of these ranges, as they -axe inserted in the preced-
ing table, might have evinced the impossibility of
deducing any certain principle from such discor-

dant trials. But the force of prejudice was so
great, that it was hence concluded, that the pieces

of9 and 9i feet in length carried their shot, the
farthest ; and thence it was presumed, that those
were the proper lengths, of a 24 pounder, and tl*at,

whatever piece was either longer or shorter, ; was
on that account less perfect, and impelled its shot
with less violence. Indeed, as these cannon were
cast on purpose to investigate, what were, the pro-
per lengths of pieces ; it imight not perhaps have
suited the great apparatus of the inquiry, nor the

dignity of the inquirers, to have acknowledged af-

ter all, that by the methods they pursued, the
question could never be brought to a decision.

About three years after the experiments, I have
just now recited, the same method of examination
was prosecuted in France, with regard to the pro-
per charges of pieces. And here again, by firing the
same piece at a constant elevation, but with differ-

ent charges of powder, it was pretended to be der
termined, that in most pieces, about a third of
the weight of the bullet in powder was the proper
charge, or the charge producing the greatest ve-
locity. Of these trials I have seen a manuscript
account; but the author has given only the medi-
ums of the ranges ; and he informs us at the same
time, that he first rejected those, which appeared

• 1 greatly
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greatly irregular, though what thdse irregular

ranges were, he has not told us. By methods like

these, all those false persuasions,, which we have
hitherto combated, have been greatly countenanc-
ed ; for the inequality of the ranges in the repeti-

tion of like trials being (as we have seen ) so con-
siderable, it was always in the power of a preju-

diced artillerist to urge experiments in defence
of his favourite hypothesis ; since by neglecting

those trials, which were inconsistent with his opi-

/iiion, on pretence of their irregularity; it was not
difficult, amidst the great variety of ranges, which
arise from the repetition of the same experiment,

to find such, as would agree to almost every no-
tion, that hath at any time been started upon this

subject of artillery.

It may perhaps be uged, that I myself have in

other tracts compared the experimented ranges of
projectiles with the deductions from my theory,

and have urged their general agreement as a con-
firmation of the justness of my principles. And
to this I answer, that, I conceive, I have estab-

lished my theory upon more certain experiments

;

and that the only use, I make of the ranges of pro-
jectiles discharged with great velocities, is to shew,

that they are more consonant to my doctrine, than
they are to one another; and though the mediums
of the ranges^of those projectiles are not exact
enough to evince the variation in the force of a
shot arising from a small change in the length of
the piece or in the charge; yet are they sufficient

to shew the prodigious defalcation of the range by
the resistance of the air, and to decide nearly,

whether the law and quantity of that resistance be
Tightly determined by us or not.

Upon the whole then,, as the writers on artil-

lery in their speculations on the most eligible

lengths of pieces, the proper quantities of powder, -

and the preference of particular practices, have
prescribed
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prescribed no other method for the examination of
their respective opinions,- but the comparison of
ranges made at the same elevation ; we may thence

conclude, that, when the velocity of the projectile

was considerable, it was not possible they should

have investigated these matters with any tolerable

degree of justness : since we have shewn, that in

great velocities the irregularities* of the experi-

ments, even when the mediums of a number of
them are taken, do greatly surpass those differ-

ences, which the experiments are intended to dis-

. cover. It is therefore not to be wondered at, if

this vague method of examination, which, accor-

ding as the trials were selected; might be urged in

confirmation of different and even opposite asser-

tions ; it is not, I say, to be wondered at, that

this loose and inconclusive experience hath been

urged in support of the most erroneous opinions,

and by its authoritv with those, who were ignorant

of its fallacy, hath greatly tended to the establish-

- ment of the many prejudices and groundless per-

suasions, which at present prevail amongst , the

modern artillerists.

It is much to be lamented, that those who have
heen thus active in examining the ranges of pieces,

for purposes which could not be answered there-

by; should neglect to compare the Same ranges

with the established doctrine of projectiles. Had
they done this, it would have been impossible,

.that the parabolic flight of shot, and the inconsi-

derable effect of the air's resistance,, could have

.fyeen so generally and strenuously maintained. Since

how awkwardly soever the experiments upon ranges

are adapted to the discovering the variations of

. • great velocities
;
they are yet sufficient to demon-

strate the monstrous errors in the common re-

ceived doctrine, and to evince the extraordinary

power of the air's resistance upon the most pon-
derous bodies. For the range even of a 24 poun-

der,
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der, fired with a usual charge at 45°, is but littls

nrore than a third of what, it ought to be on the
parabolic hypothesis, if compared with the range
at smaller elevations.

Having thus, as I conceive, evinced the incon-

clusiveness ofthe only species ofexperiments, which
artillerists have hitherto prosecuted; it remains to

point out a more indubitable method of examina-
tion, by which all precepts and practices in this

art may be clearly and incontestably decided. This
method (to which I have frequently appealed in

the course of these maxims) requires no more than
the ascertaining the depth, to which the bullet pfe-

uetrates in some substance of a uniform texture.

Indeed, if much nicety be required, it is always

possible to determine the actual velocity of the

bullet in different parts of its track, by practices I

have explained at length in another treatise. But
the application of this contrivance to large cannon,
requires a very expensive apparatus; and there«-

fore, since we are not now discussing this subject

with geometrical rigour, we shall content our-

selves with pointing out a more easy and expedi-

tious procedure.

MAXIM XXII.

The depth to which a bullet penetrates in a
solid substance, is a much more definite

criterion of its comparative velocity, than
the distanceit ranges to when fired at ant>le-

vation. For, when the velocity of the bul-

let is doubled, it penetrates into a uniform
substance near fourtimes as deep, and with
three times the velocity, near nine times as
deep ; so that with different velocities the -

penetrations vary in amuch greater propor-
tion than the velocities thefnselves.

That
*
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That the penetration* follow the rule laid down
in this maxim, I have found by frequent experi-

ence* For instance, an iron bullet of | of an inch

diameter, when fired against a Jarge block of sound
oak, hath with different velocities penetrated to

different depths, from less than 4 ah inch to ten

inches ; and the respective velocities being exami-
ned and compared with the corresponding penetra-

tions, it was found, that all the experiments were
sufficiently consonant to this rule. The same
holds true in bullets of any size ; for an eighteen

pound shot, with a velocity of about 400 feet in a
second, penetrated 3 inches 4 into a butt of seas-

oned oak, and with about three times that veloci-

ty it penetrated 34 inches into the same wood.
This law holds either in largs or small velocitiea

;

at least I have found it take place, when the bul-

let has moved at the rate of 2400 feet in a second;

the reason of this, relation between the velocity of
the bullet, and its penetration, we have discussed

at large in another place; but that is a specula-

tion not essential to our present views; it is suffi-

cient for our purpose, that the maxim itself is war-
ranted by numerous experiments. However, not
to leave the artillerist altogether to seek in this

matter, I shall observe, that the resistance to a
bullet in its penetrating a solid body, does not de-

pend on the velocity of the bullet (very different

in this circumstance from the resistance of the air)

but is nearly the same, whether the bullet moves
faster or slower. Whence it is not difficult to con*
ccivc, that since, when the velocity is increased,

the resistance is not ; therefore the penetration

will be augmented in a greater proportion than the

velocity.
%

'

MAXIM XXIII.
Hence then in all contests about the grcate,

,
or less velocity which a bullet acquire*

S from
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*

Again, if the various operations of gunnery re-

quire diversity of charges, and if the charges J>ro-

J>er for different purposes are rightly assigned by
us ; then those practical artillerists, who have as-

signed the same proportion of the weight of the

bullet in powder for every species of cannon, and
for every employment of artillery, and who have
heen in geheral so strangely exorbitant in their

deterininatioi,

i of that proportion, may surely be

accused of no small want of skill ; and the prac*

*Sc6 itself in these particulars cannot but be con-
demned as extremely imperfect, and liable to the

greatest exception, both with regard to its ceco-

nomy, its facility, and its dispatch.

And though our view in this essay is to ani-

madvert on those faulty principles, which have

hitherto prevailed, and to establish a juster theory
in their stead ; for which reason we shall avoid in-

sisting on other mistakes, that are to be met with

in the modern practice, as they are rather defects

in the mechanical part, than errors arising from
wrong speculation : yet at the same time we can-
not help observing, that even the usual methods
of training up those, who are intended for the ser-

vice of the artillery, do not contain either the in-

struction or the variety of practice, which so im-
portant a business seems to demand.

I should therefore propose, that, instead of the
puerile method of firing with a constant charge at

two or three marks placed at known and invari-

able distances ; a more extensive exercise should

be introduced, in which the ranges, penetrations,

and deflections of pieces, fired with all necessary

diversity of charge, elevation, and distance, should
be examined ; and the result compared with the

principles, we have above inculcated. And as we
flatter ourselves, that this diversified experience

would confirm and illustrate those principles ; the

practitioner would hence acquire a true scientific

dexterity,

V
I
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dexterity, and would be hence- prepared readily tp

adapt his charge, jsffeyatlqn, &c\ to every emer-

gency of actual service, .indeed it is high time,

that this most interesting art should lije aqvaucea
to a state of more perfection > for ir is matter d|

astonishment to consider, that, whilst other bran-

ches of mechanics have received such numerous
improvements, and have been so successfully cul-

tivated, merely by the industry and labour of pri-

vate persons, who had rarely any other incitements

than the impulse of their natural genius
;
yet this

science of artillery, on which the success of mili-

tary enterprizes, and consequently the fate of
nations, often depends, hath still been obscured,

either by the uncouth principles, which prevailed

above two ages since ; or by the more illusive re-

finements of modern theorists. And this too,

whilst in almost every part of Europe a very large

proportion of treasure hath been allotted for its

support, and a numerous body of men received

considerable largesses and emoluments for their

supposed dexterity and skill therein. It must how-
ever be owned, that the present defects of this art

are not to be solely imputed to the supineness and
inattention of its practitioners ; since before the

discovery of those principles, which we some years

since published to the world, and which we have
more popularly explained in this essay; it was not
possible for the most diligent examiner to extricate

himself from the obscurity and confusion, which
he was constantly involved in, when he repeated

the same experiment a number of times succes-

sively. For the prodigious augmentation of the

air's resistance in great velocities, and the deflec-

tive force arising from the whirling motion of the

bullet (both which discoveries we claim as our own)
may be considered as the two capital points, from
whence the solution of almost all these wonderful
occurrences in the ranges of projectiles may be de-

S 3 ducecj^
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duced, which, without the knowledge of these

principles, appear little less than miraculous. But
we apprehend we have been too copious upon this

head already ; and shall therefore now conclude;

these popular maxims.

1

A PROPOSAL

Digitized



PROPOSAL
FOR INCREASING

THE STRENGTH

or

THE BRITISH NAVY, &c.

t

BY CHANGING ALL THE GUNS, FRpM THE EIGHTEEN

POUNDERS DOWNWARDS, INTO OTHERS OF EQUAL

WEIGHT, BUT OF A GREATER BORE.

First printed in 1747.
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PREFACE.'

THE following paper was drawn up near

two years since ; in consequence ofsome ex-

periments and speculations of a much older

date. As it is customary for mankind to

suppose no one skilful in any profession, in

which he has not been regularly initiated,

and to which he is not formally attached ;

I did not expect, that this production, were

it made public, would be considered other*

wise than as the visionary notions of a specu-

latist, utterly unacquainted with the subject

he had undertaken to discuss. Nor would

it have been possible for me to have removed

this prejudice by the most authentic proofs,

I could have given, of my attention and in*

dustry in trying the various conclusions, on

which the ensuing suggestions are founded.

But having lately been favoured, by the

Honourable George Anson> Esq. vice-admi-

ral of the Blue, and one of the lords of the

admiralty, with the perusal of a French ma-
nuscript, taken on board the Mars man of

war, I therein found recited a great' number
of experiments, extremely apposite tQ the

i. principles r
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principles inculcated in the ensuing paper

;

besides several important confirmations of a

late reform in the service of the French artil-

lery, analogous to what I have proposed.

And therefore, as the authority of these

French papers will, I hope, alleviate at least

the censures, I might be otherwise exposed

to ; and as the particulars, they contain, are

not, I think, unworthy public knowledge ;

I have, on this account, ventured to publish

the following tract; and have annexed there-

to, by way of annotation, such articles of

this French manuscript, as, I conceived,

would fully confirm the positions I had ad-

vanced, and would thereby render the mat-

ter, I have treated of, more worthy of future

consideration; reserving till another time a

more ample account of all these French ex-

periments, and the various deductions found-

ed thereon.
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The advantage of large cannon over those of a

smaller bore is so generally acknowledged, that a

E
articular discussion of it might perhaps be spared;

ut, as it may be necessary to recur to the prin-

ciples, on which this advantage is founded, in ob-

viating some cbjections, which may perhaps be

made to the present proposal ; the author begs

leavie to enumerate the particular circumstances,

in which heavy shot excel, together with the rea-

sons of this superiority : and this, from the great

number of experiments he has made on these sub-

jects, he flatters himself, he isi better able to do,

than could be done by any one from the inaccu-

rate observations of common practice only.

And first in distant cannonading : 'fhe resis*

tance of the air to cannon-bullets, when they are

fired with their usual allotment of powder, is so

extremely great, that the distance, they range to

at an elevation, is more regulated by the degree

of this resistance, than by the velocity they receive

from the powder. And the larger bullets being
less resisted in proportion to their weight than the

6maller, the distance, to which these larger bul-

1 lets

Digitized by Google



2M TRACTS
lets fly with the same proportion of powder,, -ex-

ceeds the flight of the smaller ones, almost in the
proportion of their diameters ; so that a 32 pound
shot, for instapce, being somewhat more than six

inches in diameter, and a 9 pound but four inches;

the 32 pound shot will fly near half as far again
as that of 9 pound, if both pieces are so elevated

as to range to the furthest distance possible.

And this advantage in the range of the heavier

bullet is not easily to be counter-balanced by anyex-
traordinary effort given to the smaller bullet, by in-

creasing th<j quantity of^it* ppwderj for though
the swiftness of * the smaller bullet, at its issuing

from the piece, may be thereby greatly increased,

yet, as has been already observed, the distance to

which the bullet flies at an elevation, is thereby

but little influenced; for all this increase of celeri-

ty is presently taken away by the resistance, of the

air, which increases much faster. Tluis, for in-

stance, thpugh a bullet fired with of. its wight
in powder has doubtless a greater velocity than tfte

same bullet when iired with only
l

T of its weight in
powder, yet if their ranges at ten or fift<ier> degrees

are compared together, the certain difference be-

tween them will not b<* worth regarding^ ; for it

will not be more than the irregularities,, \vhicji

happen m repetitions of thei'same trial wjth the
same piece, charge, ^^eji^.* //'.V

'

.. . But
< .... i . . ' ../..#• «

•

* This assertion* however *trango H may appear a£ first sight,

is irrefragably established by the experiments recited in the French

manuscript mentioned in the preface "; for there it appears, that

when a 24 pounder was derated to five deuces, and loaded suc-

cessively wkh eight, nine, ten, eleven, twelve, fourteen, six*

teen, oighteen, and twenty pounds of powder, the medium
range with eight pounds of powder was eight hundred find forty

tuises, and the medium range with twenty pounds of pow dec
was but nine hundred and seventy. 'Now the difference between
eight hundred and forty, and nine hundred and seventy, is not
so great as the difference, which sometimes occurred in these

trials, on the repetition -of the same experiment. I shall only
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But this circumstance of ranging farther in dis-

tant cannonading is perhaps the least considerable

pre-eminence of heavy shot; for the uncertainty

in this practice, especially at sea, is so great, that

it has been generally discountenanced by the most
skilful commanders, as tending only to waste am-
munition. The most important advantage of
heavy bullets is this, that, with the same velocity,

they break out holes in all solid bodies in a great-

er proportion than their weight ; that is, for in-

stance, a 24 pound shot will, with the same velo-

city, break out a hole in any wall, rampart, or

solid beam, in which it lodges, above eight times

larger than will be made by a 3 pound shot ; for

it* diameter being double, it will make a superficial

fracture above four times as great as the 3 poun-

der (more of a smaller hole being closed up by the

springing of the solid body than ofa great one) and
it will penetrate to more than twice the depth.

1$Y this means the firmest walls of masonry are

easily cut through their whole substance by heavy
shot, which could never be effected by those of a

smaller calibre ; and in ships the strongest beams
and masts are hereby fractured, which a very great

number of small bullets would scarcely injure.

To this last advantage of large cannon, which
is indeed a capital one, there must be added that

of carrying the 'weight of their bullet in grape or

lead shot, and thereby annoying the enemy more
effectually, than coufd be done by ten times the

number of small pieces.

These are the principal advantages of large can-

non, and hence it is no w onder, that those en-

trusted with the care of the British navy have
always

add, that both the quantity and proportion of the ranges with

eight, and with twenty pounds of powder, are extremely near,

what I have long since computed them at ; and that the whole
of these experiments are entirely consistent with the theory both

with the force of powder, and the rc^istauce of the air." which

I ha?e some time since established.
- *

*
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always endeavoured to arm all vessels with the

largest cannon, they could with safety bear; and*

indeed, within these last hundred years, great im-
provements have beep made on this head, by re*

ducing the weight of many of the species of can-

non, and thereby enabling the same ships to carry

guns of a larger bore: and very lately the 6
pounders in some of the smaller ships have been
changed for 9 pounders of a lighter fabrick than
usual, which hath been justly esteemed a very

great addition to the strength of those vessels.

The importance then of allotting to all ships the

largest cannon they can with safety bear, being

granted ; it remaius to shew, on what foundation

u change is proposed to be made in the fabrick of

all pieces from the 24 pounders downwards;
whereby all the guns from the present 18 pound-
ers downwards, may be changed for others of the

same of less weight, but of a larger bore. This

proposition turns on the following considerations*

The species of cannon proper for each ship is

limited by the weight of the pieces, and when the

charge and the effort of the bullet are assigned,

this weight in each piece is or ought to be deter-

mined bv the following: circumstances.

That they shall not be in danger of bursting.

That they shall not heat too much in frequent

firing*

And that they shall not recoil too boisterously.

All this is to be done by a proper quantity of
metal properly disposed ; and when the pieces are

secured from these accidents, all addition of metal
beyond is not only useless but prejudicial.

Now what dimensions and weight of metal are

more than sufficient for these purposes, we may
Jcarn from the present practice of the navy in the

fabrick of the 32 pounders, the heaviest guns in

common use ; these are made to weigh, if the au-

thofs information be right, from 52 to 53 hundred
weight

;

0
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weight ; that is somewhat less than a hundred and
two thirds for each pound of bullet

From this then the author concludes, that any
smaller piece, made upon the model of these 32
pounders, and having their weight proportioned in

the same manner to the weight of their bullet, will

fully answer all the purposes recited above, and will

be of unexceptionable service.

And he founds his opinion on these two prin-

ciples.

First, That the strength of iron, or of any other

metal, is in proportion to its substance ; so that,

for instance, where it has half the substance, it has

half the strength ; and this supposition he pre-

sumes, will be scarcely contested.

Secondly, That the force of different quantities

of powder fired in spaces, which they respectively

fill, is not exactly in the proportion of those quan-

tities, but the lesser quantity has in proportion the

least force: that is, for instance, the force of
one pound of powder, in like circumstances, is

less tnan half the force of. two pounds. And this

principle the author has deduced from many re-

peated and diversified trials of his own ; and he
believes, it will be found agreeable to all the ob-
servations, which have been made, or shall be made
on this subject.

From these two considerations, he hopes, it will

be granted him, that if two pieces, a large one and
a small one, are made with all their dimensions in

proportion to the diameter of their respective bul-

lets, and consequently their weight in the same
proportion with the weights of their bullets, then

the larger piece, with the same proportion of pow-
der, will be more strained, will heat more, and
recoil more than the smaller.

Hence then, as we are assured, that the present

:V2 pounders arc of a sufficient strength and weight
foe all marine purposes ; we have the greatest rea-

son
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son to suppose, that if all the pieces of ati inferi-

or calibre were formed upon the same model, mea-
suring by the diameter of the bullet, these smaller

pieces would not be defective in either strength or

weight, but would be to the full as serviceable on
shipboard as the present pieces, which are so much
overloaded with metal.

The author's scheme then for augmenting the

force of the present sea-batteries, is no more than
this plain principle, that all ship-guns should be
cast upon the model of the 32 pounders, mea-
suring by the diameter of the respective bullet;

so that for each pound of bullet there should be

allowed one hundred and two thirds of metal

only.

The advantages of this scheme will appear, by
the following comparison of the weight of the pre-

sent pieces, with their weight proposed by this

new fabrick.

Pieces. Weight now in hundreds. Ditto by new fabrick.

24 48 to 46 40
18 41 to 39 30
12 34 to 31 20
9 ' 29 to 26 15

6 24 to 18 10

Hence then it appears, that the 2J< pounders

will be eased of six or eight hundred of useless

metal ; and that instead of those of an inferior

calibre now used, much larger ones of the same
weight may be borne, especially when it is remem-
bered, that this computation exceeds even- the

present proportion of the 32 pounders; so that from
the above projected 18 pounders, for instance, two
or three hundred may oe safely taken.

The changes then proposed by the author arc

these,

Foi:
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Pounders.

.
Hundreds. Pounders. Hundreds.

tor 6 of 24 and 18 New 12 of 20 ^

9 , 29 and 26 1$ 28 V>
12 . 34 and 31

,
18 28 > Z

18 41 and 39 24 40 S

The 9 pounders lately cast, being, as the author
is informed, still lighter than what is here repre-

sented, they may perhaps be only transformed hv
to 12 pounders ; but this will be a very great ad-
dition of strength, and the 12 pounders thus borne
will be considerably lighter than the smallest $
pounders now in use. The weight of the present

3 pounders are not remembered exactly by the aur

thor ; but he doubts not, but they are heavier

than the proposed 6 pounders, and may therefore

be changed for them.
;

,
;

-
That many objections will be matfe to the pre-

sent proposal, is not to be questioned ; but a$ they

will equally hold against the use of the present 3$
pounders, which are^known to be guns of unexcep-
tionable service, that alone, it is conceived, will

be an answer. ^
,
If it be supposed (as ancient practice is always

favourably heard) that the excesses in the propqrr

tionate weight of the small pieces must jpave tje$n
originally founded on some approved principle^ ,ot

otherwise they could not have been brought into

use. It may be answered, that a hundred years

since there were 4 pounders made use of, whicfr

were heavier than some of jthe present 9 pounders,

and had the same prescription to plead in their be-

half. Perhaps the origin of this excess in the

smaller pieces may be accounted for by supposing;,

that when guns are used in batteries on shore,

their length cannot be in proportion to the dianar

cter of their bore; because the parapet being of
a considerable thickness, a short piece would by
its blast ruin the embrasures ; and the smaller pieces,

T being
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bdng for this reason made ne&rly of the same
length with the larger, did hence receive their ad-

ditional weight of metal. But this reason holds

not at sea, where there is no other exception to the

shortness of the piece, but the loss of force, which,

in the instances here proposed, is altogether in-

considerable.* -For the- old 12 pounders, ^ for exr
Stiftple, being hi length from nine feet to nine and

a half; the new ones here prtxposed will be frorh

seven feet to seven and a half long. The differ-

ence in the force of the bulletj ; fired froin these

different pieces, is but little ; arid it will hereafter

-appear, that in the present subject much greater

'differences than these are of no consequence.
'

J If it should be said, that, the new fabric here

proposed must have the present 'allowance ofpow-
der (which in the smaller pieces is half the1 weight

T>f the ball) diminished, and' that it' tmist be re-

duced to the, rate tff 32
' pounders, Which 'is only

$even sixteenths of the weight of the baflh,' it is

answered, that if the powder in -all ship-canttdii

whatever, was' still farther reduced to one third'of
the weight of the ball, or even less, ' it would be
^considerable advantage, nbt only by the saving

tyf ammunition, but by keeping the ^uhs cbol-

^f-and quieter, and at the same titae tntfre ef-

fectually ' injuring* the vessels of the ' enemy*; for
V :i' - -1 '•- \, : . w]tJl

f
i

V" 5 «' r r
ii •

• • » ' ,

4
*

( The change proposed bete,, of .reducing the quantity o*
4

£6wde'r in all sbip-guhs to one third of the weight of tile bullef»

has fbr some time past been practiced by the French \vt a much
«ev*rer serv ice, where the increasing the velocity of the bnttet could

4iot at any timQ diminish its efl'ect ; the service, I m6|n, ot-
tering in breach. For I learn fronj the/orcmcntioned French
manuscript, that of late years all their breaches, in the different

•ieges they' have undertaken, . have been made with this very
-charge, that is, their 24 pounders have been loaded with eight

'pounds of powder, and they have found; that though t^ie pc»e*.

.tration of the bullet is less with this charge than with, a larger

one, yet the other conveniences, attending this smaller charge,

Wfe more than sufficient to balance that patticuW;
'

'

:: '-'J
'

o 1
. And
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with the present allowance of powder the guns
are heated, and their tackle and furniture strained^

and this only to render the bullet less efficacious^

than it would prove if impelled by a smaller charge;

Indeed in battering of walls; which are not to tie

penetrated by a single shot from any piece what*
ever, the velocity of the bullet, how much soever

augmented) still produces a proportionate effect?

by augmenting the depth to which it penetrates f

but' the sides of the strongest ships, and the great-

er part of her timbers are of a limited thickness;

insufficient to stop the-generality of; cannon-ibuk

lets, fired at a reasonable distance, even with .&
less charge than is here proposed. " And it is. a
matter of experiment, that a bullet, which can but
just pass through a piece ,of timber, and loses . aU
most ail its motion thereby, has a much better

chance of rending, and 'fracturing; it, than h? it

passed through it with a much greater velocity.

That a better judgment may be made of the

reasonableness ofthis Speculation, the author thinks

proper to add (and he believes future experience

will not contradict him) that a 12 pounder, as

here proposed, which is one of the smallest pieceis

at present under consideration/when charged with
one third of the weight of the bullet in powder?
will penetrate a beam of the best seasoned, tough-

est oak, to more tha» twenty inches depth ; and
: ^2 if

And here I must observe, that there hare not been wanting
persons of considerable name, 'who have asserted (as appear*

from the manuscript in question) that the Telocity of a 24 pound
bullet was really greater with eight pounds of powder than with
any larger quantity

;
founding their opinion on the ridiculous

persuasion, that whatever quantity was put in, no more than
eig ht pounds of it took fire. But this position is destroyed by their

own experiments, and their own reasonings ; and later experi-

ments, made with greater attention, put it beyond all doubt,

that to the larger charge (at least as far as twenty pounds of
powder) there- corresponds a greater velocity.
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tf, instead of one solid beam, there are a number
pf small rones, or of planks, laid together ; then,

allowing for the rending and tearing, frequent in

such cases, he doubts not, but it will often go
through near double that thickness, and this any
where within, a hundred yards distance ; that is,

anywhere within that distance, which the most
experienced officers hav< recommended for naval

engagements. In the same distance a bullet from
the 12 poundejs new in use, charged with half

the weight of powder, will penetrate about one
third part deeper : but if; the efforts of each piece

are compared together at .five hundred yards dis-
tance, the differences of \their forces will, not; be
considerable. If this be so,, it will not be assorted,

I imagine, that the 12 pounder here proposed is

less useful, or less efficacious, for all naval pur-

poses, than the weightier. J 2 pounder hitherto

made use of;

The author has in this proposal fixed on th$ 32
pounders as the standard for the rest; because

they have been authorised by long experience.

But from the trials he has maoe, he is well satis*

fied, a much greater reduction of weight* than he
here proposes, might safely take place ; and that

one fouith, or even one fifth, of tlie weight of the
bullet in powder, if properly disposed, is abun-
dantly sufficient for every species of ship-guns*.

i
1 \ However,

* This opirrion is not advanced at random. I bare myself

procured to be cast a 4 pounder, of iron, weighing about two
hnndred weight, which is not one third of the weight here pro*,

posed : As likewise two others, one of about three hundred
weight, and the other about four hundred. That of three hun-
dred weight, being fired with tweWe ounces of common pow-
der, went through, at the same time, two planks ofwy sound
oak of four inches thick each, and a beam of the same fourteen

inches thick, being in all twenty two inches, and afterwards*

buried itself in* Jwnk of earth. And this it likewise did on a
second
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Hbweyer, the author is for from desiring, that

his speculations should be relied on hi an affair of
this nature, where he pretends not to have tried

the very matter he proposes, but founds his" opi-

nion on certain general principles and collateral

experiments, which, he conceives, he may apply

to the present case without error. He would him-
self recommend an experimental examination of
this proposal, as the only one to which credit

ought to be given. What he intends by the pre-

sent paper, is to represent it as a matter worthy
<^f consideration, and really such as it appeared
to him. If those, to whose censure he submits
it, are of the same opinion, there is an obvious

method of determining, how far his allegations

are conclusive; and that is by directing one of
these pieces to be cast, a 12 pounder for instance,

and letting it_be proved with the same proportion

of powder, allotted for the proof of the 32 poun-
ders. Then if this piece be fired a number of times

successively on a carriage, and its recoil and de-

gree of heat be attended to, and if the penetration

of its bullet into a thick butt of oak beams or plank

be likewise examined ; a judgment may thence be

T 3 » formed,

second repetition, when it broke off a piece of the beam of a
quarter of a hundred weight, and drove it to above ten yards

distance. The first and second of these pieces, on repeated tri-

als, burst ; but the last of four hundred weight continues still

entire, and is, I conceive, as serviceable a field-piece as any

whatever, notwithstanding its lightness. For with nine ounces

»f powder it throws its bullet point blank, as it is called, three

hundred yards. And it will bear proving with twice or three

times its proper charge. Indeed the other two, which were
lighter, did not fail, I conceive, from a want of sufficient sub-

stance, but from a particular mistake in their fabric. However,
the heaviest of them is but about one quarter of the weight,

they are generally made of ; and consequently, if capable of

proper, service, might in particular emergencies be of infinite

use.

Digitized by Google



594 " TRAQTS
formed, of what may be expected from the piece

in real service ; and the result of these trials will

be the most incontestable confutation, or confir-

mation of this proposal

*

*

A LETTER
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A Letter to Martin Folkes, Esquire, Prcst-

dewf q/' Me I?o#a/ Society, in Answer to

one of his, inclosing a written Message from

the Chevalier D'Ossorio, Envoy from the

King of Sardinia. . , \^
. •

**

. . t i • • ' • 1 • • !• t\t *

SIR,a lit,

I HAVE received a letter from you, inclosing it

message, you have received from his excellency trife

Chevalier D Ossorio, who, it seems, is desirbife

of having a copy of a paper presented to the itpjfc

al Society in relation to the proper charge of can-

non : and which, you conceive, Sir, is my tetter

to Lord Anson of March last; As I esteem iny-

self greatly honoured by this request; I cannot
but desire, that his excellency might have a copy
not only of that, but of airy other papers of mine
relating to this subject. For as his Sardinian
majesty's curiosity appears to be founded on some
experiments made by his order at Turin ; I am
willing to hope, that this enquiry may give rise

to still more decisive trials. And that the doc;
trine, I have advanced, may thereby be at ias£

established beyond the reach of contradiction.

But as the consideration of the proper charge oif

cannon, to which this message relates, and about
which the experiments at Turin have been em-
ployed, is a matter only occasionally mentioned
m my papers ; T beg leave to explain myself mor^
at large to you on 'this head, than I have yet done j
and to establish the true principles, on Whicri 'trajj

investigation ought to turri.
r
Thia I shall titidfer-

take. with rnore* boldness, 'as T am 1

cbritdeirtf thiit
i-S T4 it
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it has not hithertobeen understood. And that all th^
experiments, I have ever yet heard of, which were
made with this view, are extremely fallacious, and
incapable of determining the point in question.

And I think, it will be no improper method of
treating this subject, first to consider the erro-

neous maxims and inconclusive experiments, which
have been usually adhered to ; before I undertake

to prescribe the genuine idea, which ought to guide

us in the prosecution of the present enquiry.

Those, who have attempted to as$ign the pro-

per charges of cannon, (and there are few artillery

ists, who have not been engaged in this attempt)

£hpse, I say, who have hitherto laboured in this

jnatter, have usually supposed, that in every

piece there was a certain charge of powder, which
would give to the bullet a greater velocity than
any other quantity 'of powder, either greater or

less. And it hath been generally conceived, that

this charge, producing the greatest velocity, was
that, where all the powder took fire. Now in con-
firmation of these opinions, some of the more in-

dustrious artillerists have fired the same piece of
cannon at an unvaried elevation, with different

changes of powder gradually increasing in quantU
ty ; and they have pretended, that after using a
certain charge, the range of the piece rather di-

minished than increased on augmenting the quan-
tity of powder. Hence they have concluded, that
this charge, which it was supposed ranged the bul-

let farther than any other quantity of powder
would do, was the true and genuine charge of the
piece jn question. But these opinions are all en-

tirely erroneous, and the experiments fallacious.

For neither , is there any such charge, as will give

to the bullet a greater velocity, than would be
produced by a larger quantity of powder (at least

not within tqe linjits where it has been usually

sup^bsied^iof has t^e.compleat firing of the pow-
* . git**
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der any thing to do with the determination in

question. Nor do the experiments generally suc-

ceed in the manner above-mentioned. Nor can it

be always concluded, that the bullet, which rang*

ed farthest, was discharged with the greatest velo* -

city : so that not only the principal suppositions,

on which the investigation of this proper velocity

hath Jjith^rto been founded, are faulty; but all

the superstructure is equally exceptionable. As,

I hope, will sufficiently appear from the following

considerations.
1 For as this proper charge, producing the great*

est velocity, hath been usually supposed to be be-

tween two thirds of the weight of the bullet, and
one third ; I am fully satisfied, from numerous
trials, that if, in small pieces, the chatge be aug-r

mented greatly beyond these limits, the velocity

will be thereby considerably increased. For in«?

Stance, a common firelock, with a fit leaden ball

#of twelve to the pound, with a charge of one third

of the weight of the bullet in powder, will be im*
pelled with a velocity of about 1500 feet in 1*

with a charge of half its weight in powder, its ve*

locity will be about 1700 feet in 1* ; with two thirds

of the weight of powder, its velocity is about 1900
feet ip 1"; but with twice the last charge, or one
and a half the weight of the bullet, its velocity

will be above 2S00 feet in 1% And this last pro-

portion of powder being double the largest quan-
tity hitherto supposed for the proper charge, or

for the charge productive of the greatest velocity

;

it hence follows, that all the former determinations

about this matter are extremely erroneous.

If it should be said, that m larger pieces the

dame conclusions will not hold, but that there

an increase of powder beyond the cuatomary
charge (for instance more than i or t of the

weight of the bullet) will not augment the veloci-

ty
; I answer, that, I weft know, that in pieces,

whose
/ r

m
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whose lengths bear a less proportion to the diame-
ters of their bores, the variation of velocity in the
preceding instances would be less considerable*

But that even then there is an increase of velocity

•always attending the increased charge, for the
truth of which I appeal to vulgar and obvious ex-
periments. For instance, in the proving of pieces

with the weight of the bullet in powder (as i$ some-
times the practice) it is always found, that the re-

coil and heat of the piece, and consequently the

action of the powder on the bullet, is more for-

cible; and in this circumstance the increased ac-

tion of the powder cannot but produce an increase

in the velocity of the bullet.

To ascertain this point still more incontestably,

I wpuld advise those, who imagine, that the weignt

of the bullet in powder does not produce a greater

velocity than that of half the weight, to fire a
piece of cannon with these different charges against

a bank of earth of a uniform consistence, or a-

gainst a butt of timber, and examine the different

penetration of the bullet, taking care that the ob-
ject, whatever it be, may not be farther from the

piece than fifty yards. This experiment I have

;
tried with a small piece, with all the care I could,

making use of bullets of iron, which were turned

to the bore; and I found in a piece of about thirty

diameters in length, (which is very near the pro-

portion of a common six pounder) that, if I first

fired it with half the weight of the bullet in pow-
der, and measured the penetration into a beam of
very tough oak placed about ten yards distant,

I could afterwards, by augmenting the charge,

make the bullet penetrate more than half as deep
ag*in.-

; : ; .... :

This may suffice to evince the falsity of that

commonlyreceived principle, of there being a cer-»

tain gharg^ to every -piece, which will produce a
greater, y^ty^ 9»y, othe$ quantity^fowt
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der, cither greater or less. Indeed I deny n,ot,

there is such a charge in every piece, but it is

much more than any that is made use of, either

for service or. proof; and:what no piece cast with

the usual dimensions can sustain. For it is such

a quantity of powder, as will fill up nearly
-J-
of

the piece; and consequently is too much to he

ever applied for any practical- purpose whatever

;

and therefore can be of no assistance in the ex*

animation of the present subject.

The very first supposition, then, on which the

determination of the prpper charge hath hitherto

proceeded, being thus, as I concieve, overthrown;

it remains to examine the experiments) to which
the followers of this opinion have recurred in sup-'

port of their doctrine: that is to say, the experi-

ments, where the same piece, fired at a given ele-

vation, hath ranged its bullet farther with this

imaginary charge, than with a greater quantity of
powder. And, with regard to this argument, t

assert, that the whole tenour of it is fallacious,

and has no other foundation but the irregularity

of the ranges of the same piece, . though charged
and pointed in the same manner; which, as I

have formerly explained to the society, is owing
to the deflection Of the bullet in the air from its

original direction. Hence it happens, that the

ranges are no measures of its original velocity

;

because sometimes by a favourable deflection the

smaller velocity may range farther than the larger.

And I assert, and nave many experiments to pro-

duce in support of this assertion, that all the pre-

tended proofs drawn from the experiments on the

ranges of cannon, are made out by taking those

ranges only, where the deflection was favourable

to the hypothesis in question, neglecting at the

sanie time as irregular, those where the result was
contrary to it. For the whole strength of this

reasoning has, generally turned upon a difference

of
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of 100 or 200 yards in the ranges. And I have
by me a set of experiments made, as I conceive,

with sufficient care, where a 24 pounder, elevated

at 7°i, and charged each time with the same quan-
tity of powder, hath in one shot ranged its bullet

2300 yards, and the very next time the range hath
been more than 3000 y^rds. So that the range,

with the same piece, elevation, and charge, doth
sometimes differ four or five times as much as the

casual differences, on which the opinion, here op-

posed, is pretended to be founded.

If then the very idea of a proper charge, con-
ridering it as productive of the greatest velocity^

is itself chimerical within the limits of any praci-

tical determination ; and if the experiments, urg-

ed in support of it, are such, as naturally arise

from the necessary irregularity, which always oc-

curs in the comparison of distant ranges ; it may
perhaps be asked, on what principle the proper

illotment of powder can be assigned, or what
circumstances there are, that can at any time de-

termine the proportion necessary to be observed

between the weight of the bullet and the charge

of powder.
And to this I answer, that the only maxim,

which can assist in fixing such a determination, is

this : that every effect to be produced by the use

of fire-arms, should be executed with the least

powder possible, not only as hereby much ammu*
nition may be saved, but also because with small-

er charges the piece is less heated and strained,

the service of it is more prompt, and the flight of
the shot is much more steady*

Now from this maxim it follows, that, accord-

ing to the different purposes, to which artillery

is applied, different charges ought to be made use

of. For instance^ the resistance of the masonry,
with which the ramparts of fortified places are

usually faced/ b$ing much greater than th^^of the

sides
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sidA•••'of the stoutest ships ; the allotment of
powder for 'battering in breach, and for firing

against shipping, ought to be different And-
the resistance of human bodies being still greatly

short of either of these; all field-pieces, or such,

as are used against troops, ought to be charged
with a yet- smaller proportion of powder. And
though in these cases there is no absolute invari*

able standard to be assigned ; yet I conceive, that

something I not very distant from the truth may'

be deducid from considering the limits, withia
which all the three fortmentioned operations are

contained.

For as to battering in 1 breach, I well know, that

in most of the sieges* which the French have lately

undertaken, they have succeeded extremely well

with one third of the weight of the bullet fn pow*
der. Indeed th£ difference in force betwixt a buU
let fired with one third of its weight in powdery
and two thirds, is so wry lfctle, that the other ad*
vantages of the smaller charges greatly overba-

lance it ; and therefore it ought to be allowed as an
invariable rule, never to exceed this proportion of
one third of the weight of the bullet in the service

of any piece of artillery whatever ; no not under
any pretence of the * great distance of the object. 1

For I know, that, in great distances, theaugment-
ing the quantity of powder is only an imaginary
advantage. ,;..,*: .

With respect to the firing at ships, especially

with heavy dannon, I could wish the charge was
still farther diminished to a fourth or fifth ; for I

am satisfied from my own experiments, that (not
to mention the other advantages) the havock made
by bullets fired with those smaller quantities, would
be much greater, than what is produced by the

enormous charges now in use.

And lastly, as to the firing against troops in the

open field, it is difficult to conceive, how very
1

1 small
*

-
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stnall a proportion of powder will give to a bullet

such a force, as will render it mortal to!, those it

strikes. For it appeared by experiments formerly
exhibited before the society, that an ounce of pow-
der in the chamber of a small mortar, threw a 24
pound shot to above 240 yards. This bullet then
received from> the aation of the p&wdenas great a
force, as it would have acquired by felling from*a
height equal to that of St, Paul's churtfh; And.
k is sufficiently obvious, that a heavy: bullet, let

fiill from such an eminence, must have killed any.

person it had fallen on. And lest it may be sup-

posed, that in this case the weight of the- bullet

Dnight contribute more to- the stroke than its cele-

rity, I must add, that: a fit bullet, fired from a
musket of the common calibre with V^. part of its

weight in powder, will go ,through a plank of fir

of: above an inch thick, and will doubtless pro-

duce a mortal wound in any,vital part of the body.

For it will penetrate into any soft substance near
ten times deeper than a bullet discharged from the

best cross-bow, I have ever yet met with, which
yet is usually esteemed a mortal weapon. And
comparing together the various experiments I have

made, and the different circumstances tfecessary to

be considered, I am fully satis6ed,'thatnofield-piece,

whether fired with roundf-shot or with grape-shot,

ought ev^r to be allowed more than 4- of the weight
. of the bullet in powder, and when troops are near,

and grape-shot is of use, even -tV of the weight of
the bullet will do great execution. For by large

quantities of powder, grape-shot is often dispersed,

and rendered ineffectual; whereas with smaller

charges it flies more steady and compact, its di-

rection can be more relied on, and the ravage
it makes amongst troops is more terrible *by its

- falling directly upon one particular part, and
thereby opening the line. And this smallness of
the charge too, requisite for field-pieces, when the

reasons
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reas&hsS&f it shall be once well understood, and the

practice established,- will enable them to be madfe

extremely light, and will thereby render their

transportation and service touch more : easy, ;than
it 'has been hitherto ; arid' will likewise produce
many other advantages riot necessary to be here

recounted. - i
• >•

' '

'

I anv&en&iBle, that with respect to the dimiriish^

irig the weight of field-pieces, many 'att&iiptfc

have teen ittade towards it AVithin the lastf

fifty

years. Out the general mistake of those, who have
engaged in it, hath been either' theTserving these

lighter pieces, with 'the sarile large diar'ge allotted

to the heavy 1

onfes or if 'they did diminish the

charge^ the insisting that with this'diminished

charge the bullet was n6t so strongly impelled as

With a greater quantity of }>bwder. But this last

asserttony as it was- an insupportable falsehood,

laid tlie'rtv under great difficulties, and' ga\*e the

officer^ of artillery (who, from a religious attach-

ment to .the practice of their predecessors,
'

:wen§
more usually their declared enemies) great advatf-

tages over them.

If it shouM be ut*ed, that though the small

charges; 'I^hwe^ here fiecotfimended,• are sufficient

for doing7execution rig&f at hand ;~ yet they afre n*o

ways a*ta]jted to the ; pu+pose t>f distant cannori-

adingS I answer, in 'the first place, that these

distant* cannonaidin^s are rarely of consequence,

and therefore are not properly the considerations,

on*which the present matter ought to be decided;

But fairther I assert, that the difference in the

ranges; ' 6r iiv the fortfe ofthe bullets at a distance,

when fired with of their weight of powder, for

instance; or with 4;, t&d inconsiderable to merit

attention.' For fVom the principles I have formerly

established, it follows, that a 4 pounder elevated

to 10°,= arid fired with the smaller of these charges*

ought to range about a fifth part short of what it

1 ^yould
*
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would do when fired with the larger, and at the
end of these respective ranges the difference in the
velocities of the bullet will be insensible*

This, sir, is the substance of what hath oceur-

rtd to me, on the present subject ; every part of
which, should it be doubted, I can undertake to

evince by unquestionable experiments. If this let*

ter appears too prolix, considering the great aim*

plicity of the subject, I must excuse
. myself by

observing, that it is, a misfortune common to all

those, who have first reformed any branch of sci-

ence, to have been obliged to waste great part of
their time, and to employ many arguments in

rooting out the prejudices, which they found al-

ready established ; although these prejudices bad
no other foundation but the reverence they had
acquired from age, and from the habitual assent,

they had been long received with. Indeed I am
myself so fully persua4ed of the difficulty of con-
futing long confirmed prepossessions, that, not-

withstanding all that hath been already said, I

cannot finish thi$ letter without a short recapitu-

lation of what I have here advanced. Which is,

that the hypothesis of a proper charge, consider-

ing it as what would produce the greatest velocity,

is chimerical ; that the experiments urged in sup**

pprt ,ofit are fallacious. That the greatest velocity,

if it were attainable, is not the most eligible, it being

often less efficacious than a smaller degree ; that

the only proper principle for determining thfc most
convenient charge, is that of using the least pow-
der possible with regard to the particular purpose

in view. Therefore, that the charges ought to

vary according to the different services. That in

almost every modern practice, the charges are

too great. And that in firing against troops

in particular, bullets impelled with velocities great-

ly short of those now established, are to the full

as effectual. That consequently in this case the

charges

Digitiz&d by Googl r



I

OF GUNNERY. 805

charges may be extremely diminished. And thence

the whole establishment of the modern field trains

ought to be, entirely changed. I shall only add,

that the speculations of artillerists on the proper

lengths of pieces have been embarrassed with er-

rors of a like nature with those I have already

censured, and that the decision of that matter

can never be attained on the principles they have
assumed.

A LETTER
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LETTER

LORD ANSON.
*

My Lord,

Having principally by your favour procured
leave to make some trials with large cannon at

Chatham, I think it my duty to lay the result

of them before your lordship, especially as the
subject of them relates to a matter about which
1 have formerly troubled your lordship ; I mean,
the diminishing the allotment of powder for heavy
cannon, and thereby facilitating the reduction of
the weight of those pieces.

And that I may not be misunderstood upon
this head, I beg leave to explain in a few words
the maxims I have formerly advanced, and which
I conceive are fully confirmed by my late trials.

This is the more necessary for me to do : since I

have found the prejudices, and the erroneous opi-

nions at present prevailing among the practition-

ers of artillery, have by mistake been often blend-

ed with what I have advanced upon this subject

;

and I have thereby had positions imputed to me,
which were directly contrary to what I have al-

ways maintained.

To begin then
;

although I ani satisfied, that

no charges of powder, either now, or at any other

time,
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time, in common use, are so great, but that by
augmenting their quantity, some addition will be

made to the velocity of the shot, and to the effort

of the bullet near at hand
;
yet in large charges,

I affirm, that the addition of the force of the

bullet is very small in comparison of the increased

.. proportion of the charge, and even this small ad-
dition of force is presently taken away by the vast

resistance of the air to great velocities ; whence
neither the* distance, to which the bullet flies at

an elevation, nor the force of the bullet at the end
of its flight, is sensibly augmented by very great

.

' augmentations of the quantity of powder. I af-

firm too, that in many instances the increasing,

the velocity of the bullet is not only an useless,

but a prejudicial practice
;

since, in penetrating

solid bodies, that bullet which has but just force

enough to go through, will produce much greater

effect, than a bullet, which has a considerable

velocity left after it has got through.' I must
farther add, that both the ranges and effects of
bullets, fired with small proportions of powder,
do much surpass the expectations of all those,

whether artillerists or others, who have not made
the requisite experiments upon this subject.

These, my lord, are the hypotheses, which, as

your lordship knows, I have always maintained,

and are the positions I have had principally an
eye to, in niy late experiments at Chatham, where,

on the 1 1th of July last, I got an 18 pounder on
shore, which was the largest piece I could pro-

cure. This piece had its breech laid down as low
as its carriage would permit, (when it was elevat-

ed somewhat short of 15°) and then instead of 9
pound of powder, which is its customary charge,

it was tried with i of a pound only, with which
allowance it ranged the bullet, in several trials,

from 220 to 250 yards. It was observable, that

when the bullet lighted on dry firm ground, it

IT 2 rose
* *
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rose again, and bounded on to a considerable dis-

tance ; but meeting once with a small bank of
* meadow ground, it penetrated near three feet deep
into it.

By comparing together the best accounts of the

ancient military machines, I conceive, the velo-

city, with which .their charges were projected,

rarely exceed the velocity of the bullet fired with
the smallest pittance of powder.
The next trial was with i a pound of powder,

or with the Par^ °f the usual charge, and the

elevation now but 12°. This bullet ranged 500
yards, where grazing, it bounded on to near 300
yards farther.

Trying now with ] pound of powder, or the f
of the customary charge, and elevating the piece

to near 15°, the bullet ranged from 1400 to 160O
yards ; after which, the elevation being diminished

to 5°, it ranged from 550 to 630 yards.

With 2 pound of powder, at only 3°4 elevation,

the bullet ranged from 900 to 1 100 yards, when
at 15° it would have ranged to a mile and a half.

With 3 pound, and an elevation of 6°, the bul-

let ranged from 1500 to 1650 yards ; and with 3£
pound of powder, and the same elevation, ranged

twice together to 1760 yards, or an English mile

just. From which experiments, I conclude, that

at 15° it would have flown at least 3000 yards.

These were the principal trials with regard to

the ranges ofan IB pound bullet, with small charges

of powder. These ranges, I conceive, will be
acknowledged to exceed the-expectations of those,

who have not been conversant in trials of a like

kind ; and the ranges in the two last trials, with

34* pound of powder at 6°, would, not be increased

more than 200 yards by an addition of 7 pound
more of powder ; as I can easily evince by experi-

ts which I have in. my possession*

The
MM I
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The next experiments were made to examine
the penetration of bullets, fired with these small

proportions of powder, in masses of timber. For
this purpose, a butt of about 5 feet square, was
framed of two sheets of the toughest, driest oak
plank ; the first sheet consisted of planks set per*

pendicularly in the ground : But in the second the
planks were laid horizontally, each plank was 6?
inches thick, so that the whole butt was 13 inches

thick, and wa* bound together by cross pieces,

which were well supported by props both before

and behind. It was placed about 30 yards from
the muzzle of the 1 8 pounder.

With i pound of powder, the bullet in repeated

trials always passed through the whole butt, pe-
netrating the first sheet of oak in a hole, which
was free from splinters, but splintering the second
sheet greatly, and driving the splinters from 10
to 30 yards distance.

The first butt being ruined, another was made
of five thicknesses of plank instead of two, so that

it was 32? inches through; the doubles here were
placed perpendicular and horizontally alternately,

each plank was trunnelled with three trunnels t<*

that next behind it, and the whole was bound to-

gether by cross pieces, and was most firmly shored
©n both sides.

The 18 pounder, successively charged with Si
pound, with 3 pound, and with pound of
powder, the bullet in each shot went through the
outt, driving every time great quantities of splin-

ters before it ; but the last shot of 2± of powder
made much the greater ravage; for it drew the

• trunnels, and separated the doubles of plank from
each other, and broke the hindermost plank (which
was 6£ inches thick, and IS inches broad/ short

in two.

As I was aware, .that the resistance of these

doubles oi plank, was less than that of large solid

U 3 beams
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beams of timber ; I directed a third butt to be

inade of dry seasoned beams of English oak

;

these beams were about a foot and a half thick,

and about two feet broad. Three of them were
set perpendicularly into the ground close to one
another ; then three more were laid on each other

horizontally for a second row ; and three more
were set perpendicularly behind ; the butt thus

formed was 4-5: feet thick, and was bolted through
with iron bolts of \-r inch diameter; it was be^

sides strongly shored both before and behind*

The 18 -pounder fired with 6 pound of powder, ,

the bullet in several shots penetrated into this mass
of timber* from 37 to 46 inches deep. ,

With 3 pound of powder the penetration was
near 3*3 inches.

-With 2 pound of powder the penetration was

j .
28 inches.

With one pound of powder the penetration was
from \4ki to lo* inches,

r I must observe, that in. all these instances great

care was taken, that each shot should be planted

in a fresh sound part of the butt, where the tim-

bers had not "been injured by the preceding trials
;

and I cannot but take notice, that the iron bolts,

which bolted the butt together, were bent by
shaking of the beams, as if they had been of small

wke only- -

* .It may, perhaps be objected, that the distance

of:my butt from the piece was too little, and that

bad it been removed farther off, the force* of the

bullets fired with their small charges would have
been much short of what I have described ; if this

should be urged, I answer, that I was obliged to.

place the butt nearer than I would have done, on
account of the ground, which was a morass, pass^
able only in a few places. However, I am well
satisfied, that in much greater distances from the
piece, the penetrations would not have been sen-

....... . .
- «My

Digitized by Google



OF GUNNERY. 311

sibly short of what they came out in these trials.

For firing 3 pound of powder at a firm bank of
i earth, which was 700 yards distant, the bullet

went through it, where it was eight feet thickl

1 must add, that no endeavours were at any time
used to augment the force of the powder ; for the
bullet was always thrust into the cartridge close

upon the powder, and then the whole was put. up
the piece together withput ramming, » and, without
any wad either upon the powder, or the bullet

From all these experiments, I. Jiope, my lard, I
may conclude, that small charges .are muph more
efficacious, than has been generally believed; tha^t

after a certain charge (for instance^ S^pouiujof
powder in an 18 pounder) all addition of powder
will create but an inconsiderable change either,.hi
the range at an elevation,, or in. the foi;ce at a
distance: And that the penetration of an IS
pounder with 3 pound of powcier,. is more ^han
sufficient for traversing^ the sides of the stoutest

ships. The deductions from thpse principles are

very numerous, and may prove of. niost extensiye

use in the service of artillery, b,dth, at sea and q4.
shore ; but as I have already t res passed so long- oiv

your lordship's patience, I shall refer these con-
siderations, together with an aecount of the tri^Js,

of another nature, which I made at the same tima
at Chatham* to; a future disquisitipn* . ,Uf,
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X)n pointing, pr the directing of Cannon la

, strike distant Objects.

*

THE art of pointing of cannon, so as to strike

distant objects, depends upon two things; the

first of which, is the tracing on the outside of"

the piece a visual line parallel to the axis, by which
ineans the, piece is to be directed in all small dis-

tances of the objects ; and the other is, the deter-

mining the allowance to be made in distant shot^

for the mcurvation of the flight of the bullet
• The first of these is usually called disparting*

&i\d is performed by taking half the difference of
the diameters of the muzzle and base rin^, and
setting it perpendicularly on the muzzle ring di-

rectly over the centre; for then a line, which
passes from that point in the base ring, which i&

-directly over the centre of the piece, to the extre-

mity of the distance thus placed on the muzzle

ring, will, when the piece is truly bored, be par*-

allel to its axis; ana consequently in small dis-

tances, where no allowance is to be made for the
incurvation of the shot, this will be the proper

visual ray, for pointing the piece; and even in

distant shot, where allowances are necessary,

those allowances cannot be regulated, till this line

be first assigned
;

for, as the object is more dis-

tant, the more must the piece be elevated above
the line drawn from the piece to the object. What
this elevation is, in regard to the ^different dis-

tances of the object, and how to be estimated, I
shall now proceed to shew.

The
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The incurvation of a shot towards the ground
hi its flight, is (cateris paribus) greater or less,

according to the different charges of powder made
use of ; But as, for reasons explained in another

place, we have supposed, that such a charge, as

produces a velocity between U00 and 1?00 feet

m a second, is in many cases the most eligible

;

we shall therefore take it for granted, that the

pieces we are now considering, are discharged

with such a quantity of powder, as will nearly

.produce that velocity. And then, if the shot were
not retarded by the resistance of the air, the range
corresponding to one degree of elevation of this

piece might be reckoned 450 yards ; to two de* •

grees 900; to three degrees 1350; and so on; for,

independent of the air*s resistance, the ranges at

different elevations would be nearly in proportion
v to those angles, at least as far as eight or ten de*

grees, But the resistance of the air will alter the
case considerably \ for that resistance, by perpe-

tually diminishing the swiftness of the bullet, will

occasion its track to be more incurvated, than
would otherwise happen, and consequently the
Tanges will be diminished, And this diminution

of the range will be greatest in the smaller phot,

as they are more powerfully retarded. And as the
computation of these varieties may be thought *

too intricate to be perpetually recurred to, in

order to avoid that trouble, I have inserted \x\

the annexed table, the angles of elevation whiehj

.

in different pieces, correspond to different dis*

tanees.

V

1

Actua}

»
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1

Actual

range
inyards

I Angle of elevation.
.

241 b. 12lb.
< _

9lb. olb. 31b.

1400 4 12 4 30 4 45 5 0 a 57
1200 3 2o 3 40 3 50 4 0 4 30

1000 2 45 2 54 3 0 3 7 3 30

800 2 10 2 13 2 20 2 30

\J\J\J !l 30 1 32 1 34 l 36 1 44
500 !

1 13,. 1 15 1 17 1 19 1 22

400 58 5Si 59 1 1 3

300 43 43 43 + AJ. 43+
200 27| 28i 284 asi 29i
100 14— 14 + 14* + i4i 15 .

By this table, when the distance of the object

is known, the angle, by which the axis of th<?

piece ought' to be elevated above the visual line*

or the line drawn from thepiece to the object, will

be readily determined. For .whether the object

be above or below the piece, need' riot be con-
sidered; since the range wifi always depend upon
the angle by which its axis is elevated above the

visual line ; unless the inclination of that line

to the horizon be much greater than usually oc-
curs in practice. Jfoy when the angle of the axis;

with the visual line is. known, the piece is easily

directed in the following manner.

Measure.the length of the piece from. the middle
of the base ring to the middle of the muzzle ring^

and compute the tangent to the given angle of
elevation to that radius ; this may either be done
by tables of tangents, or sufficiently exact foF our
purpose by supposing that to a radius of 1 foot, TVs-
of an inch is the tangent of a degree. This tan-

gent being found, suppose* CHBD to be the given
piece>

* Plate II. Fig. U.

/ Digitized by



OF GUNNERY. SIS

piece, AB its axis, DE half the difference between
the diameter of the muzzle ring and base ring,

set upon the muzzle ring according to our first di-

rections, so that CE may be the line of dispart

;

if now CG be erected upon the ba.se ring, equal to

the tangent of elevation just found, then the line

GE will be the proper line for the pointing of the

. piece ; for, when that line is directed to the ob-
ject, the piece is justly laid.

If the directions here given arc literally followed,

there will.be two perpendiculars erected, Qne upon
the muzzle ring, and one upon the base ring, but
in practice one is sufficient; for if GC exceed DE,
that difference only, erected upon*. the base ring,

will with the muzzle ring at J), give the line of
direction ; and if DE exceeds GC, the same dif-

ference erected on the muzzle ring, will in like

manner With the base ring at G, give the directions

of the piece. ,

I find, that the cha;rge of powderproducing §uch
a velocity, as I here suppose to b$th.e most eligi-

ble, is from i to r of ,tne weight of the bullet in,

powder, the different goodness pf.powder, apd.thq
difference in the lengths of pieces

,

producing that

diversity. And though, by a variety in the charge,

the velocity should not be exactly what is here

supposed ; yet in distant objects (where the prin->

cip^l difficulty lies) the inequality arising from
thence wjll not be remarkable ; or if it be, it n^ay

be easily rectified after the success of three or four

shot have been attended to. . ,
,'\ *

I shall : only add, that in distances not exceed*

ing 500 yards, it is not necessary to recur to the

table inserted above ; nor to make any difference

in the pointing of the different pieces. For if in

those short distances ^ of a degree be supposed to

be the inclination corresponding to every 100
yards, the result will in all kinds of cannon be

sufficiently near for practice ; as will readily ap-

pear
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pear to those, who shall compare the inclinations

deduced from this rule, with the angle inserted in

the table.

Here ends Mr, Robin's manuscript, I am sen-

sible he wrote other tracts on this subject of gun-
nery, besides these I now publish, In particular,

on the 9th of April 1747, there was read before

the Royal Society a-Letter of his to admiral Anson,
on occasion of the manuscript put into his hands
by the admiral, which was taken on board the

French ship the M*rs : and also, on the 2d of
the following July% a Dissertation of bis concern-
ing the nature and advantage of rifled barrel pieces*

This I have heard much commended by several

gentlemen, who were nresent at its reading.

From his memorandums, I find, he had made
many experiments on these sorts of barrels during
the month of March in 1745; and to a rough
draught of a Discourse on the irregularities shot

w£re liable to (which irregularities he has fully de-

scribed at page 196* fcc. of the foregoing tracts)

he subjoined what follows.

" I must add, that the sole advantage of rifled

<* pieces, is their preventing this irregularity ; far
,r by the spiral turns of the rifle, closely confining
" the bullet, they give it a rolling motion round
fl an axis, which is coincident with the line of its
u direction, by which means its resistance u e-
c< qual on every part of the surface, that goes
" foremost ; and if a small inequality should at
#< any time intervene, it will be presently rectifi-

" ed by that part shifting to the contrary side of
the axis.

" And this is agreeable to what has been unU
M versally practised in relation to arrows ; for the
At feathers of an arrow (as is well known to arch-
" ers) are always placed in a spiral form, so as to

* jnake an arrow spin round its axis> without
1 which
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" which their eye-sight would inform them, that
" the arrow undulated in the air, and did not
u keep accurately to its direction. This principle
u

is confirmed too by the necessity, which every
s

" school-boy finds himself under of making his
" shuttlecock spin.

" I have made some experiments on simpler
" methods of performing this, and applicable to
" iron bullets

;
my success as yet has not been

u what I could wish ; but it has however been
" sufficient to encourage a farther prosecution,
" which if I shall ever pursue farther, I know
" not."

Besides, in a Letter Mr. Robins wrote to Alex-
ander Hume

%
Esquire, dated Fort St. David,

18* October 1750, there is the following passage

communicated to me by Charles Frederick, Esq.
surveyor general of his Majesty's ordnance.

" If you remember what passed in eon-
" versation with Mr. Frederick in relation to light
u pieces of cannon; you will not be displeased to

hear the result of some trials, I have made since

my arrival here. These trials were made with
two six pounders, both of them elevated to 1 1\

u One of these was a heavy piece, weighing above
" 21 hundred weight, and about eight feet in
" length. The other was only four feet three
" inches long, and weighed but five hundred
" weight. The short piece being loaded with lj.

pound of powder, and the long piece with three

pounds, and four shot being fired from each

;

it was found, that the two most distant ranges
" of the short piece exceeded the two least ranges
" of the long piece, and that the medium of the
" ranges with the long piece exceeded the medi-
" um of the ranges with the short piece, by little

" more than 300 yards in 2500 yards. All which,
" I believe, Sir, you will, on recollection, find
" to be consonant to what I asserted at your

house.

it

it

it

it
9

it

it
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" house. I hope to propure some irori pieces near-
" ly as light as the abovementioned six pounders.
" These pieces in this country being of infinite

" service in the field."

I shall conclude this volume with two discourses,

on the height to which rockets ascend ; the first

written by Mr. Robins, the other by his friend

Mr. Ellicot.

Digitized by







Observations on the Height to which Rockets

ascend. Read before the Royal Society9

May 4, 1749, and "published in the Phi-

losophical Transactions, Numb. 492.
*

* *

THE use of rockets is, or may be, so con-
siderable, in determining the position of distant

places to each other, and in giving signals for

naval or military purposes ; that I thought it

worth while to examine, what height they usu-

ally rise to, the better to determine the extent

of the country, through which they can be seen.

I therefore, at the exhibition of the late fire-

works, desired a friend of mine, who I knew in-

tended to be only a distant spectator, to observe

the angle of elevation, to which the greatest of
them rose ; and likewise the angle made by the

rocket, or rockets, which should rise the highest

of all.

My friend was provided with an instrument,

whose radius was 38 inches; and, to avoid all

uncertainty in its motion, it was fixed in an inva-

riable position ; and its field, which took in ten

degrees of altitude, was divided by horizontal

threads, The station my friend chose, was on
the top of Dr. Nisbett's house in King-street
near Cheapside, where he had a fine view of the

upper part of the building erected in the Green-
park. There he observed that the single rockets,

which rose the most erect, were usually elevated

at their greatest height about 6°± above his level

;

and that amongst these there were three, which
rose

V
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rose to 7%; and that in the last great flight of
rockets, said to be 6000, the crest of the arch,

formed by their general figure, was elevated about

8°-J> From the care and dexterity of my friend*

and the nature df the instrument, I doubt not

but these observations are true, within a few mi-
nutes.

The distance of this station from the building

in the Green-park is 4000 yards, aikJordtog to

the last great map of London : and hence it ap-

pears, that the customary height, to ,which the

single, or honorary rockets, as they are styled,

ascended, was near 440 yards ; that three of these

rose 526 yards ; and that the greatest height of
any of those, fired in the grand girandole, was a-

bout 615 yards : All reckoned above the level of
the place of obsetVation, which I esteem to be near

25 yards higher thati the Green-p&rk, and little

lesfif tbati 15 yards beldW the chests, wheface the

great flight of rockets was discharged.

It seems then* there are rockets, which rise 600
yards, from the place whence they are discharged:

And this being more than a third part of a
mile, it follows, that, if their light be sufficiently

strong, and the air be not ha£y, they may be seen

in a level country at above 50 miles distance.

The observations on the single rockets are suf-

ficiently consonant to some experiments I made
myself, about a fortnight since: for then I found,

that several single pound rockets went to various

heishts, between 450 and 500 yard$ ; the altitude

of tne highest bei»g extremely near this last num-
ber, and the time of their ascent usually short of
seven seconds.

But though from all these trials it should seem,

as if flood rockets of all sizes, had their heights

limited between 400 and 600 yards
; yet I am dis-

posed to believe, that they may be made to reach

math great*! distances. This I in some degree

collect
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collect from the nature of their composition, and
the usual imperfect manner of forming them.
Nor is this merely matter of speculation ; for I

lately saw a dozen of four pound rockets fired

;

the gre&test pari of which took up near fourteen
' seconds in their ascent, and were totally obscured

in a cloud near nine or ten seconds of the time ; so

tha.t the moment of their burstingwas only observ-

able by a sudden glimmering through the clouds.

And as these rockets, during the time they were
visible, were far from moving with a languid
motion ; I cannot but conceive, that the extra-

.
ordinary time of their ascent must have been at*

tended by a very unusual rise.

* • - •

• * * * !• .

•
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of sirrte $i$itiininti> ttitidS" by?

Benjamin Robins, Esq. F. R. S.' Mr%

Samuel :Da Costa,
4

aft'd sevet&l oih&gkntl&i*

tften, in' order to dhcboer thc Heig/ii-tci

which Rockets may bemddefo ascend, arid%
rtkit'distdrde their1 Eight mlty be $etn; by *

Mr. John Ellicott, K R . & Read-btfore

the Royal Society December 13, 1750, and?

published in the Philosophical Tvansactio&s*

Number 4$6%

Soon after the exhibition of the fire-works*

in the Green-park^ Mr. Robins communicate^
to tliis Society an account of the height^ to which,

several of the rockets there fired were observed

to rise. In this account, after having given

short description of the instrument with \yhieh

the heights were measured, he observes, that the
customary height, to which the single or hono-.

rary rockets, as they are styled, ascended, was a-,

bout 465 yards; that three of them rose to. about
550 yards; and the greatest height of any of"

those fired in the grand girandole was about 60Q
yards. He likewise further observed, that, sup-

posing rockets are made to ascend 600 yards, or
more than a third of a mile, it follows, that, if

their light be sufficiently strong, and the air not

* On occasion of the late peace.
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hazy, they may be seen in a level country at about
50 Jniles distance; and that From the nature of
the composition, and the ifsual imperfect mariner'

of forming them, he was of opinion, that rockets)

were capable of being greatty improved, and.mdde*
t6 rfeach much greater distances,

1 •'' *

Mr. Robins not havitfg been able to obtain any
certain account to what distance any'of these'

rockets were actually seen, and considering the 1

great use that might be mad£ of rockets in de- J

termining the position of distant places, and iti
%

giving Signals for naval and military purposes,*'

Be revived to order some rockets to be fired at'

an appointed timel and to desire some of hi^
friends to look out for them it sevetel vefy distahtr

places. ,

4 i i
1

y • *i\ • iron*

1 The places fixed upon for this purpose, were
Godmarfi'haih, in 'Kent, ahout

J

iO Vniles distant

from London
1

; Beacon-Hillloft Tiptery-Heath, in}

]$ssel\\ at' about 40 mileV; land
' Bdrhvay) on the1

borders of ^rtfovdshite, about '38 miles frohi'

London./ ' j
<• ' ^

' Altr," Robins accordingly ordered some rockets

to be ma!de by a person many years employed in-

$ie tloyat Laboratory at TVoolxvicK; to \vhich.'

some gentlemen, who had bken informed of. Mr/
Robins'$ iiitentrens, add£d some ' others of th'eitf

own making. The 27th of September; 1748, af
eight in the evening, wa§ the .time appointed, fdr*

the firing: of them : but through the negligence °f
the engineer, l^hey were ho^ let off till above half

an hour after the time agreed upb'n. There w£rfc
T

in all a dozen rockets fired from London-Field
r
afc

!

ffackney, and the heights were measured by Mr. 1

Canton^x. Kobins being present, at the dis-

tance of about 1200 yards' from 1

the post from
whence this dockets were fifed, ' The greatest part"

of tlletn did not rUe to abavfe 400 yatds ; one to'«

about 500, and one to 600' yaftla nearly.
1

-
'

X ;

2 By
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By a letter I received the next (lay from the

Reverend Dr. Mason of Trinty-College, Cam*
bridge, who had undertaken to look out for them,

from Barkxvay on th,e borders of Hertfordshire^

I was informed, that, haying waited upon a hill

near the town with some jof pis friends till about

half an h,our past the time appointed, without per-,

ceiving any rockets, as they were returning to the

town, some of tjie company seeing through the
• trees what they took to -be a rocket, they imme-
diately hastened hack out of the closes into the

open fields and plainly saw four rise, turn, and
spread. He judged, they rose abou£ one degree

above the horizon, and that their lightsf were strong

enough to have been seen much further.

From Essex I was informed, that the persons

on Tipttry-Heath saw eight or nine rockets very

distinctly^ about half an hour past eight; and
likewise greatly to the eastwardof those nye or six

more. Tne gentlemen from Godmarsham in Kent,
having waited till above half an hour past e^gnt
without being able tp discern, any rockets, they
fired half a dozen, which from the bearings of the

places were most probably those seen to the east-

ward by the persons upon Tiptery-Heath; and if

the situations, as laid down in the common maps,
are to be depended upon, at about 35 miles

distance.

The engineer being of opinion, that he could;

make some rockets of the same size as the former,

that should rise much higher, Mr. Robins ordered
him to make half a dozen. These last were fired

the 12th of October following, from the sanie place,

and in general they rose nearly to the same heights
with the foregoing; excepting one, which was ob-
served to vise 6£)0 yards. The evening proved
very hazy, which rendered it impossible for them
to be seen to any considerable distance.
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It being observed in. these trials, that the larg-

est of the rockets, which Were about tw6 incites

and a half in diameter, rose the highest ; Mr.
Robins intended to have made some more experi-

ments, in order to a further discovery, what Siz-

*d rockets Would rise highest. But his engagie*

frietifs with the East-India company preventing

him, Mr. Samuel Da Costa, late of Devonshire-
-square, a gentleman of an extraordinary genius in

mechanics, and indefatigable in the applicatioh;

Mr. Banks, a gentleman, who had for many years

practised making rockets, and two other persons,

undertook the prosecuting these enqiiries ; and
having made several experiments, as well with re-

gard to thfe' composition as the length which
rockets might be made to bear in proportion to

their diameters, and of different sized rockets from
one ftich and a half to four inches diameter, they
intended thU Winter to have made trials of ;some
of yet greater diameter, had not the death of Mr*
Dd Cdsta prevented it. '

'

/
\

I shall therefore beg leave to give some accolmt
t>f the success, which has hitherto attended this

tindertakihg, sO' far as they went : and as it has
been much beyond what was expected, I am in

hopes, this short relation will not prove unaccept*
able. ' :

Amongst? some rockets fired in the last spring,

there were two made by Mr. Da Costa of about
three inches and a half diameter, which were ob-
served to rise, the one to about 8^33, the other to

$15 yards. At a second trial, made some time
after, there was one made by Mr. Da Costa, of
four inches diameter, which rose to 1190 yards.

The last trial was made the latter end of April
1750, when 28 rockets were fired in all, made by
different persons, and of different stees, fiom one
inch and a half diameter to four inches ; the most
remarkable of each size were as follows ; one of

X 3 6n^
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one men and a half rose to 743 yards ; one of two
inches to 659;, one of two inches and a half

to 8&0 ; another of the same .size, which rose to

1071; one of three inches to 14^4 ; one of three

inches and a half to 1109;' and one of four inches,

M'hich after having rose to near 700 yards, turned,

and fell very near the ground, "before it went out.

These were all made by Mr. Da Costa. Besides

these, there was one of the rockets of 24 inches in

diameter, which rose to 784 yards, and another

made by Mr. Banks of the same size to 833.

As the making of large rockets is rfot only very

expensive, but likewise more uncertain than those

or a lesser size; so. from the last experiments it is

evident, that rockets from two inches and a half

to three inches and a half diameter, are sufficient

to answer' all the purposes they are intended for:

and I doubt not may be made to rise to a hcujht,

and to afford a light capable of being seen to
^

considerably greater distances than those before

xne.ntioncd.

Before I conclude this account, it may not be
improper to take notice, that, though the heights

of the rockets are set down to a single yard, it is

'not: pretended, the method made use of (though
sufficient for all the purposes of these experiments)

is capable determining the heights to so great

an exactness; for, as they were measured by only

one observer, it is evident, that if any of the rock-

ets deviated from the perpendicular, so as either

to incline towards the place of observation, or to

decline from it, the height would be given either

greater or less than the truth ; but as the base,

upon which they were measured, was 1 190 yards,

the greatest error, that can arise on this account,

will be but very inconsiderable. If we should

suppose, there might be an error of 30, or even 50
yards, which is very highly improbable ; it must
then be allowed, that several of these rockets rose

to

Google



m .GUIfKERY.
, 327

fc<V)&<)0 yards*, Qpe.to 1 100, and another to 1200

' Jjll^ of this

.. 9}tair
v
^a$ appeared so very extraordinary to some

a £^ttemen conversant in such matters, that they
pave me^Ltioxieii' it as

|

t
j3ieir opinion, .that thfere

must certainly ,^ave„ been some mistake, eithef in

_ r|>laqjng ^he r ipstirument talcing the heights/, or !o^

. tjierwise. <In/ai>s\ver to which I would observe,

that, in all the experiments mentioned in this |>a-

£er, the heights were all taken by the same person,

Viz, Mr. John Canton, and that the last trial was
taiade in the ptesetyc^ of several very worthy mem-
bers of this Society. TTiat the instrument, being

first jfix^fl ,tp a prqper^a^gle, -i^as .not- altered du-
ring the Whole time of trial ; and therefore, if

there had been any mistake in fixing it, that mis-

take would have varied the height of all the rock-

fets.-.as ' in^chXa^jthpse t)fMi£ pa Cofta's*; but it

Was those of Mr. Ha Cosfa only* and 'that at

three different trials, which rose to such extraor-

dinaiy
f
^eights ;^and

: therefore, I think, we have
Sufficient reason, to conclude, that their measures

^6^1^,^^ hear the truth, -

V J .
•

» » . . I •

1 • t * •

f 4

" * * • .

• -
,

"
f . •

• • •

X 4 - - After
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After the foregoing sheets wete printed off, a

copy of Mr. Robins's discourse about rifled bar-

rels, mentioned above, was communicated to me
by my friend Dr. Broklesby, physician to the

- army; he having' received it from colonel Draper*
whose martial achievements in "the East-Indies

have added a farther lustre to the character of the

. polite scholar and line gentleman.

« • This discourse was read before the Royal Saci-

ty immediately after that at page 218, and is as

follows.

....

OF THE

NATURE AND ADVANTAGE
» •• 1 ' .v ....

f

OF

RIFLED BARREL PIECES.

I . t I . I

JnAVING treated at large in the preceding

papers of the; numerous Vrfjeg.Ularities, \vnich take

place in most of the operatTdhs of gunnery by the

deflection of the projectiles from their first direc-

tion, which, as we have seen, is occasioned by
their whirling motion ; it is now but reasonable to

consider of the most effectual means for prevent-

ing these troublesome and perplexing deviations.

But before I offer any methods of my own for this

Eurpose, it is proper to describe a practice, which
as long prevailed in several parts of Europe ;

and which, though in all probability originally in-

tended for different ends, doth yet in many in-

stances prevent the deflection here treated of; the

producing of this effect being indeed the sole ex-

cellence, all its other boasted advantages appear-

ing on examination to be only imaginary.

The
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r >rhe kiethcfti I have here in view, -and which I

propose as the subject of the present essay, is that

by rifled pieces : and these pieces, though well
• known on the continent, being but little used in

England; it is necessary to give a short description

• of their rnake, and of the particularities, in which
they differ from the common pieces. For which

' purpose I must observe, that the essential differ-

ence between them is this. That a common piece

has its barrel smooth on the inside, whereas the

rifled piece has its cylinder cut with a number of
spiral channels; so that it is injeality a female

' screw, varying from the fabric of common screws

only in this, - that its threads or rifles are less de-

flected, and approach more to a right-line; it be-
i ing usual for the threads, with which the rifled

• barrel isHndehted, to take a little more than one
turn in its whole length. The number of these

threads in each barrel ace different,, according to

the fancy of the workman, and the size of the

barrel ; and in like manner, the depth these chan-
i nels, or rifles, are cut down to, is not regulated
' by any invariable rule; but differs according to

the country, where the work is performed, or the

caprice of the artificer. This is the general idea

of a rifled barrel, as opposed to a comnion one

;

and the usual method of charging it ((hough there

are different practices, which will hereafter be
more minutely examined) is this. When the pro-

per quantity of powder is put down, a leaden

bullet is taken a small matter larger, than the bore
of the piece was, before the rifles were cut ; and
this bullet baing laid on the mouth of the piece,

and being consequently too large to go down of
itself, it is forced by a strong rammer, impelled

by a mallet, and by repeated blows is driven home
to the powder ; and tne softness of the lead giv-

ing way to the violence with which the bullet is

impelled; that zone of the bullet, which is conti-

guous
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guous toi the' piece, varies Ms iarcula?rform and*

takes the shape of the inside ofthe barrel: so that

it becomes the part of a inalt: screw/ exactly fit^

J\ ;ting the indents of the xiflevi And here it happens}

that, when the piece is fired^ that indented zone
of the bullet follows the sweep of the H0es ; ;and

; thereby, besides its progressive motion* acquires a
- circular motion round the axis of the piece, which

circular motion will be. continued to the* bullet*

after its ' separation from, the piece ; : byi which
means a bullet discharged from a rifled • barrel is

constantly mide to whid round an axis* ^hich is

coincident with the line of its flight. r:And4ieac£
it follows, that 1 the resistance on the i foretaost

surface of the bullet is equally distributed cound
the pole'of its circular motion ; and acts Mtk an
equal Effort on every side of the line of direction ;

so that this resistance.ican produce no deviation
) from that line* And (which is still of : more im->>

portatice) if by- the Gasual irregularity.of the fore-

•most surface of the bullet, or by nay other acci-

.•

; dent, the ; resistance should be 3tronger on one
side of the p6l$ of the circular motion than on *the

Mother* yet)- ;as
r

the place, where this greater resis-

- tartc6 afcts, must perpetually shift its position

rbuftd the llbe, in which the bullet flies, thede-
* fledtion, tyhich this inequality .would occasion* if
! it acted Constantly with the samp glvea tendency.

h now continually rectified by the various, .and

\ contrary tendencies of that disturbing force, du-

L_ 'ring the course of one revolution*

This perp^tnal correctiori of a' deflective effort

- on the foremost surface of; the bullet* in.eonse-

quence of the revolution ' of the; bullet round -the
: line of its direction* mfay perhaps be exemplified*

by considering what happens
1

>; to a.castle+top*

whilst it 'spins upon its point. • -For it will be casi-
* ly adthowledged, ^
motion

;
could not 4>6ntinwfo*ithfe ieasLporiion

v
- of

A
1

a
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tof'tHhe in t3ilt
nsitfiktk)n. 'Arid ifW examhic,

bring it to the grouM according to its ilatUral ef-

fort
;
because, during one revolution, the centre

t)f gravity preponderates on every side of the fop ;

and' 'thereby raises it as' 'much in one place) '&s it

^depressed it'in another. And this reasoning (Sup-
• posing that the tendency ofthe centre of gravity

of the^fbp to descend, be analogous to the action
" of the unequal resistance on the foremost surface

of a bullet fired from a rifled barrel) Will' easily £x*
} pldin !hbw, notwithstanding that inequality, the
9 bullet

5 k&ps true to its track without deflection.
!Attd what; inhere advanced, is farther confirmed

* by'the gefnrfal practiceHvith regard to arrows* ' for
'It^s'^llliiibtfai to' eVery* areher, that the feathers
,,

'bft
^ir

,

Si'V6\y
;Sre placed in & Spiral form- soas^to

^%iilce tte^h'6wspin/

rdund'its axis, withoutWhich
"'itWould <b<?W&W6us to the eye, that the arrow un-
~

f

Vl ti lat^cl; Tit\he arr
T

f

klid did not kefcp accuratdy'to
*u

its direction. * And it is bwing to the same prin-

ciple, tfiat
1 wefry sehooKboy finds himself under

v
4:he necessity of rrfaking His shuttle-cock spin, be-

fore he ban depend upon the truth of its flight*

Thisis'the general theory of the rnotion' of bul-

) lets discharged from rifled pieces ; and' if is found
1 by experiment, that their actual irititions ddrrts-

;

. pond very well with these speculations. For^fhe

fired from the common pieces, in which the custom-
ary aberration

1

takes place, not one in twenty of
1

them could ever be traced.

But wliat occurs most wonderful in this affair,

is; ' that a' method so singular and so successful,
* and tfhich liath "been so longhand generally prac

tised
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tised in many parts of Germany and Swisserlan&t
should have its theory so little understood, as it

appears to me to have been. For by all, t have
been able to recollect, I am fully satisfied, that
neither the inventor of this method, nor the prac-

tises of it, nor any of the numerous authors, who
have written about it, have been at all apprized of
the true and genuine advantages hence arising

;

but have constantly represented the intention of it

to be very different, from wha,t I have herd de-

scribed ; and have supposed it to be attended with

conveniences, which, by a long series of experi*

ments, I know to be altogether imaginary. For the

truth of what I here advance, it might perhaps be
sufficient tp appeal to those gentlemen, who have at

;
any time examined artificers, or those skilled in

..the practice of these pieces, about the use and in*

tention of the rifles. For I doubt not, but they

,
jhave found, as I have done, that one or all of the

three following reasons nave been constantly aU
ledged. Either that the inflammation of the pow-
der was greater by the resistance, which the bul-

let thus forced into the barrel gave thereto, and
that hereby the bullet received a much greater im*
pulsion, than it would have done; from the same
quantity of powder in a common piece: or that the

bullet by the compounding of its circular and re*

volving motion did, as it were, bore the air, arid

thereby flew to a much greater distauce, than it

would otherwise have done ; or that by the same
boring motion it made its way much easier through
all solid substances, and penetrated much deeper

into them, than if discharged in the common
manner.

These are the reasons, which I have always
heard urged upon this occasion. And, as a proof,

that this is the light, in which those authors have
considered it, who have purposely treated of the

subject; I shall quote the latest, I believe, .who
hath
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Jiath written about it; and who appearing himself

to be a practitioner, and tcr l>e extremely inquisi-

tive and curious in every branch of this business,

may be supposed to give the most authentic ac-

count of what was generally believed in this mat-
ter. The person I mean, is John George Leutman

r

fellow of the Imperial Academy Qf Sciences at

Petersburg : in the acts of which academy he
has published two dissertations. The first of them
about the manner of forming these rifles. De
sulsis cocfyeatis ad datarn distantiam tubis sclope-

tarum recte indueendis. The second containing

certain curious remarks and experiments on the

use of rifled pieces. Annotations et evperimenta
quadam rariora et curiosa ad rem sclopetariam

pertinentia x

*

In the first of these tracts he gives the following

account of the intention of these pieces.

Primus, qui kancfinxit in tubisformam, pro-

$uldubio eum habuitjinem, ut'globus per gyrum,
Qpe cochlearum, inducturn, aerem terebrandofa-
cilius penetret atque secet, prohibeatque, ne
t\nea directionis, globum impellens, a recta ni-

mium dejlectat via, et tandem corpus resistens,

ad quod tendit globus, vehementius feriatur et

trajectetur, quando globus gyrando illud perte-

rebrat.f Where, though one part of it seems to

point out that advantage, which I have above as-

serted to be the only one attending this practice ;

yet by a more careful attention to the words, and
by comparing them with what he says in other

places ; it appears, that they relate to some fanci-.

ed convenience in the impulse of the powder, and
not to the rectitude of the track, in which the

bullet flies.

Now that none of the three foregoing reasons

hold true in the use of these pieces ; I have satisf-

ied myself by numbers of experiments made with
: rifled

* Tom. IV. Ann. 1729. p. 265.

t Tom. III. Ann. 1728. p. 158.
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rifled ibarrel$,of various si?es. Fpr ,in %\\csc, expe^
riments I have found,, th^^t^e velocity of

(
the byU

le.t, fired from a, rifled barrel,, w^s UjSuaUy less, than,

that of the bullet fired
k
f|-onva,cqnimon Riece witlx

the same, pruppttiqn of powder. Ipd?ftd, it is but,

r^a$oraaWft to e^pe^ct, that tjiis sjioidd.bc tlje case,

For if the rifles are very.deep* and th? bullet 3s l^rge

enough to lillthem up, jfyjvfatiw bears
v
a \;ery

'

considerable, proportion to , the effort .of tjiepp>v-*

der; and that in this qase, the,fr|ctiqn
:

is qf\coh$£-.
t

quence ettPugh tPMye ^ I l}av$

discovwd.by..the continue^ usq of tjie, sarpe bar-%
rel. For the

,
metal of, ther terr^l, b$ipg aqff, ^nd,

w^aring.aw.ay apaqe, ifo hpflfi by t^lfaje^Xuse
wass^nsibly,enlarged ; aftdtcons^qu^ly; th£ dep$^
of its rifles diminished, ' and then I foun^j

t tfyat tji£

same quantity,of thq, s^nie,powder would - givP.
to>

the bullet a vqlpcity, near, a t^nth p^rt, grepteiy

than what it had dpnfc *t firsts And, as,U^ v velo-

qity of the bullet, is not increased, by the use of>

rifled barrels; so nqitber i^thq distance, it flj^ to,,

or its penetration, into solid, snj^t^nces, Inde^ed^

these two last suppositions appear at first; sjght too,

chimerical to merit a formal, cqnfut^tipB, $ut £
cannot help observing, that those, who

y
\iaye been,

habituated to the practice pf tbes<? nieces, ar$ very

excusable in, having given way to, ttyesp preppsses-.

sions. For they constantly tp^n.t^ that with them,

they couki fire at a mark with, tolexajblft success ;

though it were placed at three or fan* times, th?

distance, to wh'ifih the ordinary pieces, were sup-f

posed to reach. And therefore, as^ tjhey, were ig-

norant of the true cause of this variety, gind djid

not know, that it ^rose only frpm preventing tbg-

deflection of the ball; it was not unnatural, fof

them to imaging, that the superiprjjy in, ,^h^ effect

of the rifled pi
f
ece wa

(

s owing, either to, a nior$ \\7
cleat impure, at first, p.r XQ^wwv my ^assag^

through the air, .
4

-

• 1 r *u
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This may suffice as to the general idek of th&

form and convenience of a rifled piece ; and before-

J enter into a detail of the varieties in its fabrick,

andmanner of charging it, or engage in any mi-

nute discussions relating thereto ; it will be expe- .

dient to insert some experiments, by which it will >

appear, how well it' answers the purpose; I have
mentioned above; I mean that of -keeping the

ball to its regular track, by preventing that de-

flection, which, as we have seen, takes place in .

the bultets-fTred from' common pieces:

And first I considered, that in consequence of

the reasoning about the manner, in which it pn>
duces this effect ; it'should follow,, that the same
hemisphere of the bullet, which lies foremost in

the piece, must continue foremost during the

whole,course of its flight.

'

To examine this particular, I took a rifled bar*

rel carrying a bullet of six to the pound ; but in-»

stead of its leaden bullet, I used a wooden one of
the same size, made of a soft springy wood, which
bent itself easily into the rifles without breaking,

And firing the piece thus loaded against a wall :

at such a distance, as the bullet might not be
shivered by the blow; I always found, that the

same surface,, which lay foremost in the piece,

continued foremost without any sensible deflection,

during the time of its flight. And this was easy-

to be observed, by examining the bullet ; as bothi

the marks of the rifles, and the part that impinged;

pn the wall, were sufficiently apparent.
• Now, as these Wooden bullets were but the six-j

teenth part of the weight of those of lead ; I con-

clude, that if there had been any unequal resist

tance or deflective power ; its effects must have
Been extremely sensible upon this light body ; and
Consequently in some of the trials I made, the sur-

face, which came forefnost from the piece, must}

feve been turned round into another situation. :
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But again, I took the same piece, and loading
it now with a leaden ball, 1 set it nearly perpen-
dicular, sloping it only three or four <legrees from
the perpendicular, in the directiou of the wind;,
and firing it in this situation, the bullet generally

continued about half a minute in, the air, it rising

by computation to near three (Quarters of a inile,

perpendicular height., »

In these trials 1 found, that the bullet common-
ly came to the ground to the leeward of the piece,

and at such a distance from it, 1 as nearly corres-

pQnded to its angle of inclination, and to the ef-

fort, of the wind ; it usually falling not nearer
to the piece than a hundred, nor farther from it

than a hundred and fifty yard*. And this is a
strong confirmation of tbe almost steady flight of
this bullet for about a mile and a half. For wejre.

the same trial made with a common piece, I doubt
not, but the deviation would often amount to half a,

mile, and perhaps considerably, more ; though this,

experiment would be a very difficult one to ex-»

amine, on account of the little chance tfcere would!
be of discovering, where the ball fell.

But it is now time to mention, the varieties of these

pieces, and the different methods made use of in

different places for charging them.

The, most usual is, dqubtless, what I have already

recited, that of forcing a leaden bullet down the

piece by a stronsj rammer driven by a mallet. But
in, some pavts»ol Germany and Szvi$serlan4> an.

improvement is added to this practice
; especially

in, the larger pieces, which are used for shooting

at great distances.,
.

This is done by cutting a piece of very thin

leather, or of thin fustian^ in a circular shape^

3omewhat larger than the Bore of the barrel. This
circle being greased on One side, is laiil upon

1,

the

muzzle with its greasy part downwards, and the

bullet, being placed.upon it, > then forced down
the
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the barrel with it ; by which means the leather or

fustian intloses the lower half of the bullet, and by
its interposition between the bullet and the rifles,

prevents the lead from being cut by them. But
it must be remembered, that in those barrels, where

' this is practised, the rifles are generally shallow,

and the bullet ought not to be too large.

As both these methods of charging at the mouth
take up a good deal of time ; the rifled barrels,

which have been made in England (for I remem-
ber not to have seeh it in any foreign piece) are

contrived to be charged at the breech: where the

piece is for this purpose made larger than in any
other part. And the powder and bullet are put in

'

through the side of the barrel by an opening,

which, when the piece is loaded, is filled up with

a screw. By this means, when the piece is fired/

the bullet is fdrced through the rifles, and acquires

the same spiral motion as in the former kind of
pieces. And perhaps somewhat of this kind, though
not in the manner now practised, would be of all

others the most perfect method for the construc-

tion of these sorts 6f barrels.

After what hath been said of the advantages of
these pieces, I must make a few animadversions

upon their defects. And in the first place I must
observe, that though trie bullet impelled' from
them keeps for a time to its regular track with suf-

ficient nicety; yet; if its flight be so far extended,

that its track is much incurvated, it will then of-

ten undergo considerable deflections. This, accord-

ing td my1 experiments, arises from the angle at

lastmadfcby the axis, on which the bullet turns,

and the direction in which it flies ; for that axis

cdntirraing nearly parallel to itself, it must neces-

sarily diverge front the line ofthe flight of the bul-

'

let; when that litie is bent from its original direc-

tion $ and when' it dhce happens; that the bullet

whirk on fen axis, which iio loiigtfcitfneidies With 5

Y the

Digitized by Google



338 TRACTS
the line of its flight; th<n the unequal resistance

described in the former papers will take place, and
the deflecting power hence arising will perpetually

increase, as the track of the bullet, by haying its

range extended, becomes more and more incur-

vatcd.

This matter I have experienced in a small rifted

barrel piece carrying a leaden ball of near half an
ounce weight. For this piece, charged with one

drachm of powder, ranged about 5:A) yards, at an
angle of twelve degrees, with sufficient regularity;

but being: afterwards elevated to twenty- four de-

grees, it then ranged very irregularly, generally

deviating from the line of its direction to the left,

and in one trial not Jess than one hundred yards.

This apparently arose from the cause above men-
tioned, as was confirmed by its constant deflection,

to the left; for by considering, how the revolv-

ing motion was combined with the progressive

one, it appeared, that a deviation that way was
to be expected.

The best remedy, I can think of for this defect,

is the making use of bullets of an egg-like form
instead of spherical ones. For if such a bullet

hath its shorter axis made to fit the piece, and it

be placed in the barrel with its smaller end down-
wards ; then it will acquire by the rifles a rotation

round its larger axis ; and its centre of gravity

lying nearer to its fore part than its hinder part, its

longer axis will be constantly forced by the resist-

ance of the air into the line of its flight. As we
see, that by the same means, arrows constantly lie

in the line of their direction, .however that line be
iucurvated. ";, i. i

«

. But 'besides this irregularity already'treated of,

there is another circumstance in the use of the$e

pieces, which renders the flight of the bullets un-
certain, when fired at a considerable elevation.

£©r I find by,my experiments, that the velocity

Digitized by Googl



OF GUNNERY. 339

of a bullet fired with the same quantity of po\vder

from a rifled barrel, varies much more from itself

in different trials, than when fired from a common
piece:

This, as I conceive, is owing to the great quan-

tity of friction, and the impossibility of rendering

it equal in each experiment. Indeed, if the rifles

are not deeply cut, and if the bullet is nicely fitted

to the piece, so as not to require a great force to

drive it down, and if leather or fustian well greas- „

ed is made use of between the bullet and the bar-

rel in the manner described above ; perhaps by a

careful attention to all these particulars, great part

of the inequality in the velocity of the bullet may
be prevented, and the difficulty in question be in

some measure obviated : but till this be done, it

cannot be doubted, but the range of the same
piece at an elevation will vary considerably in each
trial

;
although the charge be each time the same.

And this I have myself experienced in a number
of diversified trials with a rifled barrel piece, load-

ed at the breech in the English manner. For
here, the rifles being indented very deep, and the

bullet being so large as to fill them up completely;

I found, that, though it flew with a sufficient

exactness to the distance of four or five hundred
yards; yet, when it was raised to an angle of about
twelve degrees (at which angle being fired with

about one-fifth of its weight in powder, its me-
dium range is nearly a thousand yards) in this

case, I say, I found, that its range was variable,

although the greatest care was taken to prevent

any inequalities in the quantity of the powder, or

the manner of charging. And as in this case, the
angle was too small for the first mentioned irregu-

larity to produce the observed effects; they can
only btf imputed to the different velocities, which
the bullet each time received by the unequal ac-

tion of the friction.

Y 2 From
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From all that has been said then about the u$e

of rifled barrel pieces,; it is sufficiently obvious,

that whatever tends to diminish the friction ot

these pieces, tends at the same time to render

them more complete ; and consequently it is a de-

duction from hence, that the less t^e rifles are in-

den ted, the-better they are ; provided ,they are just

sufficient to ^keep the' bullet from turning round
in the piece. It likewise follows too, that the

bullet ought to be no larger than to be just.press-

cd by the rifles : for the easier the bullet moves in

,fhe piece, supposing it not to shift its position,

the inure' violent- apd accurate ^ill its flight be.

Anip
1

to render this last article £be more complete;

it is- necessary, ,th^t the sweep ofthe rifles should

Ibe in each part exactly parallel to je&ch other. For
then, after the bullet is once put in mption, it will

slide put of the barrel without any shake, and with

q. n)uc}i smaller degree of frictioja, \%h&xi if the

threads pf the rifles have not all of them the same
5|e^'ree of incurvation.

' iThe foreigners are sp exac}: in this article, that

jt)jey py their pieces as £q this particular by a sin-

gular artipce.. Fpr they first pour rnelted lead into

fyhj), le
(

t^ing it cool, thpy procure ?a leaden

f^fifl^f'of^p^mj^ t)vp or tpr.ee diameters hi

Jength, exactly fitted to one par); of the inside of
£he, piece; then, if t.hjs leaden- cylinder, being
gently pushed by, the rammer

?
ynll pass from one

pnd}. of the barrel '£0 the other without any sensible

iffifift or ^ffoit, tflfy prpnounce the piece perfect;

but if if; any where sticks or ' moves h^rd, they

.^te
4

enr it detective. ,•

u
IjFrom the pature of these pieepp it is plain, that

±fot fi
a
ft
on?y W*P use ^ with leaden bullets;

£n<T^ck^equpntly camnot be adapted to the adjust-

ing or the mot;ou <pf either shells, pr capnon-
bujlets. flyweyer |Vpm the sarne principle, whence
"these pieces derive their perfecftpn, other artifices
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may be deduced for tbe regulating the flight of
these more ponderous bodies. On some of these

methods, which have occurred to me, I have already

made several experiments ; and there are others,

which I have more lately considered, and which
appear to me to be infallible. But there are many
reasons, why I should not now engage in a cir-

cumstantial discussion of this kind. I shall there-

fore close this paper with predicting, that what-
ever state shall thoroughly comprehend the nature

and advantages of rifled barrel pieces, and, hav-
ing facilitated and compleated their construction,

shall introduce into their armies their general use
with a dexterity in the management or them

;

they will by this means acquire a superiority,

which will almost equal any thing, that h^s been
done at any time by the particular excellence of

any one kind of arms; and will perhaps fall but
little short of the wonderfuLefFects, which histories

relate to have been formerly produced by the first

^nventpfs pf fire-arms.

THE END.
'
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War. Translated from the French byFaucitt; with a great

Number of Copper-plates. 4to. lCs. bound.

9. Mr. Thomas Simpson's Elements of Geometry : the 5th

Edition, carefully revised. 8vo. 6s. bound.

10. Simpson's Trigonometry, plane and spherical ; with

the Constwi&ion and Application of Logarithms : the fifth

Edition, 2s.

11. Simpson's Treatise of Algebra. The 8th Edition, care-

fully revised. 8vo. Price 8s. bound.
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12. Simpson's Select Exercises for yonng Proficients in the

Mathematics. A new Edition, with an Account of his Life

and Writings, by Charles liutton, F. R. S. 8vo. Price 6s.

bound.

13. The Mathematical Repository, By James DonstfN,

K R. S. in 3 vols. 12mo. Price 13s. 6d. bound.

14. Emerson's Elements of Geometry, with the Doarine
of Proportion, arithmetical and geometrical. A new Edition,

8vo. 6s. bound.

15. Emerson's Elements of Trigonometry. The fourth.

Edition, carefully revised. 8vo.

16. Emerson's Treatise of Algebra. The third Edition,

carefully revised and corrected. 8vo.
.j •

17. Emerson's Elements of Conic Sections, in three books.

—The Nature and Properties of curve Lines, in two books.

—

The Arithmetic of Infinites, and the differential Method illus-

trated by Examples ; in one large vol. 8vo. Price 9s. bound.
i

18. Emerson's Tracts : containing, I. Mechanics, or the

Doctrine of Motion. II. The Projection of the Sphere. III.

The Laws of centripetal and centrifugal Force. A ne.w Edition,

with an Accouut of the Life and Writings of the Author. 8vo.

Price 8s. bound.

19. Emerson's Method of Increments. +to. Price 7s; 6d.

sewed. .
»

20. Maclaurin's Treatise of Algebra, in three Parts: to

which is added an Appendix concerning the general Properties

of geometrical Lines. The sixth Edition, 8vo. 9s. bound.

21 . Hamjltoh 's Geometrical Treatise of the Gonic Sections.

Translated from the Latin. 4to. 1 5s. bound.

22. The same Work, in Latin. 4to. 15s. bound.

23. Holliday's Introduction to Fluxions ; designed for

the Use and adapted to the Capacities of Beginners. 8vo.

6s. bound.

24. Wales's Method of finding the Longitude at Sea, by
Time-keepers, with Tables of Equations to equal Altitudes.

A new Edition, printed from a Copy corrected by the Author.
8to. 3s. sewed.

25. Phipps' (Lord Mulgrave) Voyage towards the

North Pole, undertaken by his Majesty's command.. Illus-

trated with Views, Maps, &c. Printed on a fine Royal Paper,

4to. Price 15s. boards.
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2ft: A History of the Military Transactions of the British

Nation hi Indostan, from the Year 1745. To which is pre-

fixed a Dissertation on the Establishments made by Mahomedan
"onquerors in Indostan. By Robert Orme, Epq. F. A.S.
The fourth Edition, revised by the Author, illustrated with a

great Number of Maps, Plans, and Views, in three vols. 4to.

Price 31. 7s. in boards.

97. Historical Fragments of the Mogul Empire, of the

Morattoes, and of the Knglish Concerns in Indostan from the

Year 1659.—Origin of the English Establishment, and of the

Company's Trade at Broach and Surat ; and a general Idea of

the Government and People of Indostan. By Robert Orme,
Esq. F. A. S. Printed from the Author's original Manuscript,

and illustrated with his Portrait, from a Bust executed by
Joseph Nollckcns, Esq. R. A. a Map of the Decan, and other

Plates. To which is prefixed an Account of his Life and
Writings. 4to. Price 11. 8s. in boards.

28. The new Italian, English and French Pocket Die! ion*

arics ; containing, vol. I. Italian, English and French : vol.

11. English^ French and Italian: vol. HI. French, Italian

and English. By Mr. Bottarelli ; 4th Edition, corrected and"

improved, in three portable Volumes.' 11. Is. bound.

29. A Diflfonary of the English and Italian Languages, in

two Parts; by Joseph Bauetti. A new Edition, improved,

•n two Voiupies.8vo.
«

30. A Dictionary of the Portuguese and English Languages,

in two Parts, by Mr. Vieyra, the 4th Edition, revised and
corrected/ in two large Volumes, 8vo. Price 11. 10s. in boards.

31. A new Diftionary of the Spanish and English Lan-
guages, in two Parts : I. Spanish and English : IL English and
Spanish. A new Edition, with considerable Improvements, by
Joseph Baretti, in two volumes, 8vo.

32. Boyer's Royal Dictionary, French and English, and
English and French '? in one large Volume 4to. A new Edi-
tioft,- corrected and improved.' 21. 2s. bound.

33. A new Frenoh Dictionary, in two Parts; the first

French and English, the second English and French. By
Mr. DEBETANVrr.LE r a new Edition, carefully corrected and'
much ttbjpi<6ved, : in one large Volmrie 8vo. 12s1

. bound.
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